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I. INTRODUCTION 
The reaction of an a,~-unsaturated ester with diazometh-
ane was first studied by von Pechmann in 189~ (80). He ob-
served that the reagent added smoothly across the double bond 
in dimethyl fumarate in the manner illustrated below to form 
a ~2-pyrazoline. 
CH3ooc~r-H -I-
H-C-COOCH3 
A few years later von Pechm.ann and Burkard (83) demonstrated 
that the methylene carbon of diazomethane adds to the ~-carbon 
of the a,~-unsaturated ester. When diazomethane was allowed 
to react with methyl acrylate to form the pyrazoline, and this 
product was oxidized with bromine, the known pyrazole (I) was 
obtained. 
1. Br2 CH-C-COOH 
2. HCl ~ II II 
CH N 
"'-N/ 
I 
H 
(I) 
2 
The same sequence of reactions with methyl cinnamate afforded 
the pyrazole (II). 
(II) 
While this work was in progress Buchner, together with Witter 
(32), Papendieck (31), and Dessauer (30), were per forming 
closely analogous experiments with cx,~-unsaturated esters and 
methyl diazoacetate. Thus, dimethyl fumarate and methyl diazo-
acetate combined in the manner indicated below: 
and methyl acrylate reacted with methyl diazoacetate to form 
dimethyl 6 2-pyrazoline-3,5-dicarboxylate (III). 
(III) 
3 
The first preparation of a 61-pyrazoline was probably 
performed by von Pechmann and Burkard (84-) who treated the 
esters of both ci tr aconic and mesaconic a.cid with diazomethane. 
CH3 -u-COOCH3 
H-C-COOCH3 
CH3-i-COOCH3 
CH3ooc-C-H 
(IV) 
2. HCl ' 
(V) 
The formula written by these workers for the product of the 
reaction (IV) indicates that they did not recognize the azo 
or t.1-pyrazoline structure as a possibility. This was prob-
ably due to their failure to isolate the pure pyrazoline, the 
product being oxidized immediately to the pyrazole (V). It 
is worth noting that the structure of the pyrazoline indicated 
that the nitrogen atom of diazomethane was bonded to the car-
bon atom bearing the methyl group. 
In a series of papers published between 1929 and 1934 
von Auwers and coworkers (8),(10),(11),(12),(14) clearly 
demonstrated the existence of both t.1- and t.2-pyrazolines. 
They observed that when an a-substituted, a,~-unsaturated 
ester reacts with diazomethane, no possibility exists for 
the migration of the double bond of the pyrazoline into con-
jugation w1 th the carbonyl group of the ester. Thus, a t.1-
pyrazoline (VI) is obtained. 
R• R" 
I I 
RCH=C-cOOR 1 + CHif2 -- RCH-C-COOR I I I 
CH2 N 
"N,f' 
(VI) 
Further experimentation showed that, in the presence ot a 
prototropic catalyst, the tautomer having a hydrazone struc-
ture could be obtained. 
R" 
I 
---+ RCH-C-COOR I 
I I 
CH NH 
'\_N/ 
Only two bispyrazolines have been reported in the lit-
erature. Compound VII, prepared by Mflller and Roser (?If), 
is of only historical interest since it contains no electron-
withdrawing groups to aid thermal decomposition. 
(VII) (VIII) 
I 
Bailey and Ross (17) prepared 4,4-bis-(3-benzoylpyrazoline) 
(VIII) by the addition of 1,4-dibenzoyl-1,3-butadiene to di-
azomethane. They did not investigate the properties of the 
compound. 
6 
The most characteristic property of negatively substitu-
ted pyrazolines is the ease with which nitrogen is lost upon 
thermal treatment to form a cyclopropane or unsaturated deriva-
tive. This property was investigated in some detail by von 
Auwers and K6nig (10), (11) who demonstrated that the process 
usually afforded mixtures of cyclic and unsaturated isomers. 
When one isomer predominates, the process is used as a synthe-
tic method. An excellent example of the latter use was re-
ported recently by Siegel and Bergstrom (95) who obtained a 
70% yield of methyl 1-methylcyclopropane-1-carboxylate by 
thermal decomposition of methyl 3-methyl-61-pyrazoline-3-car-
boxylate. 
TH3 CH3 
6 I CH:_r-C-COOCH3 ~ CH2-C-COOCH3 I I 
"-c{ CH2 N "N~" 2 
CH3 I 
and CH3CH =c-coocH3 + N2 
7 
Pyrazolines without negative substituents also lose ni-
trogen when heated but usually elevated temperatures are re-
quired, yields are low, and the products are poorly defined (19). 
The present study consists of an extension of the work 
outlined briefiy in the preceding section. The primary ob-
jective was the synthesis of new pyrazolines and dipyrazolines 
containing certain desired structural features. A study of 
the properties of these compounds was made with particular, em-
phasis on their decomposition characteristics. 
The experimental work was divided into four sections: 
(l) The weparatigp of miscellaneous mpnonvrazolines 
A group of pyrazolines was prepared in order to 
investigate certain features of the reaction which 
were of interest as a result of the present work 
or the reports of others. In this connection the 
following points were investigated: 
a. The effect of a phenyl group on the ~-carbon of 
an a,~-unsaturated ester on the addition of di-
azomethane. 
b. The effect of an electron donating group on the 
~-carbon of an a,~-unsaturated ester on the ad-
dition of diazomethane. 
c. The addition of diazomethane to ~,~-disubsti­
tuted-a,~-unsaturated esters. 
d. The effect of two activating groups on the a-
carbon of the a,~-unsaturated ester on the proper-
ties of the pyrazolines. 
(2) The preparation of pxrazolines containing ussatwa-
tion in substituent groups. 
It was predicted that diazomethane would not add 
to unactivated double bonds under the usual con-
ditions employed for the reaction. This predic-
tion was found to be accurate; therefore, several 
pyrazolines with unsaturated substituent groups were 
prepared from diolefins containing one activated 
and one unactivated double bond. 
(3) The preparation of dipyrazolines 
a. The synthesis of several bispyrazolines having 
the ~1-structure and suitable activating groups 
was under taken. 
b. One example of a compound containing two pyra-
zoline rings, each activated by a different 
electron-withdrawing group was prepared. The 
groups chosen, ester and carbamyl, have been 
shown to vary widely in the degree to which they 
enhance the thermal decomposition rate (100). 
(4) Decomposition of the pyrazolines 
a. The final portion of this research deal.t with 
a study of the thermal decomposition of several 
of the pyrazolines prepared. Qualitative data 
9 
on the decomposition characteristics we~obtained 
and certain of the products of the decomposition 
reaction were isolated and identified. 
b. A semi-quantitative technique for the separation 
of pure cyclic esters from their unsaturated isomers 
was developed by taking advantage of the selecti-
vity of the reaction of diazomethane with a,~-un­
saturated esters. 
F.rom an industrial standpoint this investigation was 
undertaken in order to explore the possibility of preparing 
compounds of potential use as pneumatogens. The latter term 
is one coined to describe a class of compounds which are cap-
able of releasing large volumes of inert gas under sui table 
conditions. This property is useful in the production of 
expandable polymers. The substituted pyrazolines and dipyra-
zolines prepared in this study al.l have a potential use in 
this field. The preparation of pyrazolines with unsaturation 
in substituent groups was undertaken in the hope that they 
would undergo vinyl polymerization to produce polymers con-
taining their own foaming agent. 
],.0 
II. LITJiiRATYRE SQRYEY 
A. freparation of Diazomethane 
Various methods for the preparation of diazomethane were 
adequately reviewed in 1948 by Eistert (39). In the present 
study, ni trosomethylurea was used as a source of diazomethane 
because of the ease of preparation (26), stability, and the 
simplicity of its transformation to diazomethane. 
Diazomethane precursors reported in the recent literature 
are N-methyl-N-nitroso-N 1 -nitroguanidine (72) 1 (73) and N-meth-
yl-N-nitroso-p-toluenesulfonamide (16). Longer shelf life is 
claimed for these ma.terials and they are both available from 
commercial sources. 
An interesting cyclic process for the preparation of 
diazomethane was recently patented by Fawcett (4o). Aqueous 
methylamine was added to N1N1 -dimethyl-N,N 1-dinitroso oxamide 
while slowly distilling the diazomethane formed into cold eth-
er. A 65% yield of diazomethane and an 82% yield of N ,N'-di-
methyloxamide were claimed. Treatment of the latter compound 
with nitrous fumes regenerated the starting material. 
0 CH3 II I 
C-N-NO 
I 
C-N-NO 
II I 
o CH3 
+ nitrous fumes 
0 CH3 II I 
C-N-H 
I 
C-N-H 
II I 
0 CH3 
11 
B. The rreparatign of Negatiyely Substituted Pyrazolines 
1. Methods for the Preparation of Negatiyely 
Substituted Pyrazoltnes 
Only two general methods are available for the synthesis 
of negatively substituted pyrazolines; the reaction of hydra-
zine with a,~-unsaturated aldehydes and ketones, and the addi-
tion of diazoalkanes to a,~-unsaturated compounds. 
In order to obtain a negatively substituted product using 
the first method mentioned, it is necessary that R or R' in 
the following equations be an electron-withdrawing group. 
RCH=CHCHO + NH~H2-- TH2-THR 
0 
II 
CH NH 
'\_N/ 
+ 
RCH=CH-C-R 1 + NH~H2 ---.. 1H2-1HR + H20 
R1C NH 
'\N/ 
Two examples of this synthetic method involve the reactions 
of ~-benzoyl acrylic acid and methyl ~-acetyl acrylate with 
hydrazine (8). 
yHr THCoocH3 + H2o 
CH3-c NH \-N/ 
The nature of this reaction is such that A2-pyrazolines 
are always obtained. Since the present research was concerned 
primarily with A1-pyrazol1nes, no further consideration was 
given to this method of preparation. 
A method which has found wide application in the prepara-
tion of both A1- and A2-pyrazolines involves the addition of 
diazoalkanes to «,~-unsaturated esters, amides, ketones, ni-
triles, and nitro compounds. The general equation for the re-
action is shown below. 
X= electron-withdrawing group 
13 
An attempt has been made in Table I to list representative 
syntheses of pyrazoline carboxylates by this method. Table 
II indicates the range of electron-withdrawing groups which 
have been utilized in this reaction. 
Numerous pyrazoline 3,~dicarboxylates have been prepared 
from olefin dicarboxylates and diazoalkanes. Several compounds 
of this type are shown in Table III. Pyrazoline 3,5-dicarbox-
ylates are obtained when an a,~-unsaturated ester reacts with 
an alkyl diazoacetate as shown below (12),(31). 
2. Exner imental Con<iitions for the Addition or 
Diazgmethane to Unsaturated Compounds 
In general, pyrazolines are formed by slowly adding an 
ice-cold ethereal solution of diazomethane to a solution of 
the unsaturated compound in ether. With most simple a,~-un­
saturated esters, the reaction is complete within a few hours 
at 0-10°. 
T4BLE I 
Pyrazolise-3-carboxylates 
f4 ~5 
R3-c c-coOR' 
R2,1 1 
Rl" \N/ 
Rl R2 R3 R4 R~ R' Reference 
H H H H H CH3 (11) 
CH3 H H H H CH3 (8) 
H H CH3 H H CH3 (8) 
H H H H CH3 CH3 (100) 
H H CH3 H CH3 c~5 (10) 
CH3 H CH3 H H CH3 (8) 
CH3 H H H CH3 c~5 (100) 
CH3 H CH3 H CH3 CH3 (10) 
* If R5 = H the compound probably exists as the t.
2
-isomer. 
l:5 
T@LE II 
NegativelY Substituted Pxrazolines 
Rl R2 R3 R4- R~ X Reference 
H H CH3 CH3 H COCH3 (2) 
H H C6H5 H H COCH3 (98) 
H H C6H5 H H coc6H5 (99) 
H H H H CH3 CN (100) 
H H H H CH3 CONH2 (100) 
H H C6H5 H H COCHN2 (4-5) 
H H H H H soOH 
- 3 (96) 
H H H H CH3 N02 (100) 
C6H5 C6H5 C6H5 H H N02 (79) 
* If R5 ::::H the compound probably exists as the t.
2
-isomer. 
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TABLE III 
Pxrazoline-3.~-Dicarboxylates 
R Rl R2 R3 R¢_ Reference 
CH3 H H H H (80) 
c~5 H H H CH(CH3 ) 2 (90) 
CH3 CH3 H H H (8) 
CH3 H H CH3 CH3 (10) 
c~5 CH3 CH3 H H (~7) 
CH3 C6H5 C6H5 H H (4) 
CH3 C6H5 C6H5 H CH3 (5) 
CH3 C6H5 C6H5 H CH2COOCH3 (5) 
* I! R4 = H the compound probably exists as the t~2-isomer, 
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Forcing conditions were reported by Oliveri-Mandali (76) 
and D1yakanov (38). Oliveri-Mandali described the preparation 
or 4-phenyl-t.2-pyrazoline by renuxing an ethereal solution or 
styrene and diazomethane for several hours. D1yakanov reported 
the isolation or a 55% yield of 4-butoxy-t.2-pyrazoline when he 
heated a mixture of vinyl butyl ether 1 diethyl ether 1 and di-
azomethane to 90-100° in a sealed tube for two days. 
The addition of a trace of water to an ether solution or 
diazomethane and ethyl a-chlorocrotonate has been shown to cat-
alyze the addition reaction (10). In the absence of moisture 
the reaction failed. 
Many or the pyrazolinea reported by von Auwers and Cauer 
{8) were prepared by adding an absolute ethanol solution or 
the unsaturated compound to an ether solution of diazoalkane. 
That this procedure may lead to side reactions is discussed on 
page ro"' or this work. Thus, Bredereck et al. (28) have shown 
that transesterification can occur as shown below in solutions 
containing an alcohol, an ester, and diazomethane. 
0 
II 
R 1 -c-OR 11 + ROH 
0 
II 
R 110H + R 1 -c-OR 
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3· Mode of Addition of Diazomethane to 
a.B-Unsaturated Esters 
In the earlier work concerned with the addition of diazo-
alkanes or alkyl diazoacetates to a,~-unsaturated esters, some 
uncertainty existed as to the direction of addition of the re-
agent (8). 
litCH=CHCOOR 
R 1CHN 2 RCH-C-COOR 
I II 
R 1CH H 
'\_H/ 
I 
H 
(IX) 
or RC CHCO<lt 
II I 
H CHR 1 
'\N/ 
I 
H 
(X) 
The work of von Pechmann (83), already cited in the introduc-
tion of the present study, showed that addition to give a pro-
duct of structure (IX) occurred with methyl cinnamate, methyl 
crotonate, and methyl acrylate. The method used to establish 
the structure of the pyrazoline involved bromine oxidation to 
pyrazoles of known structure. 
1. Br2 
- ... 2. Base Rc--c-cooo II II 
R'C N 
'\N/ 
I 
H 
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Two techniques were employed by von Auwers and coworkers 
(8); to establish that the methylene carbon atom or the diazo-
alkane added to the ~-carbon atom or the unsaturated ester. 
These were oxidation with brollline to pyrazoles or known struc-
ture and molar refractivity measUt'ements. 
Physical evidence in support or structUt'e results from 
the observation that 3-phenyl-62-pyrazoline (XI) in which the 
double bond is conjugated with a phenyl group, exhibits an 
exaltation in molar refractivity not 
gated isomer, 5-phenyl-62-pyrazoline 
CH-c-o'\ 
I 2 II -
CH2 N 
'(N/ 
I 
H 
(XI) 
shown by the non-conju-
(XII) (9). 
(XII) 
Thus, ror example, it was demonstrated that ethyl A2-pyrazo-
line-3-carboxylate prepared by the addition or diazomethane 
to ethyl acrylate exhibited a strong exaJ.tation, whereas meth-
yl 3-methyl-A2-pyrazoline-5-carboxylate, obtained by there-
action or hydrazine with methyl ~-acetyl acrylate, gave nor-
mal molar refractivity values. 
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CH2 CHCOOC~5 + CH,!2-- yH2-n-COoc~5 
CH2 N 
'\:N/ 
I 
H 
Excellent chemical evidence for the point in question 
was obtained from the recent work of Carter, van Abeele, and 
Rothrock (35). These workers obtained high yields of known 
a.,~ -diamino esters by reduction of pyrazolines using a Raney 
nickel catalyst and hydrogen pressure of 3500 pounds per 
square inch. 
~-CH-c-cooc -He 
"=Tj II z-J 
CH2 N 
'(N/ 
I 
H 
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H2 CH C-GOOCH _...:... .. ,  Cl H2- c1 H-GOOCH3 I 2-11 3 
CH3ooc-CH N CH OOC-GH NH2 
\.N/ 
3 
\NH 
I 2 
H 
It is of interest to note in passing that the direction 
of addition may be reversed in the case of addition of diazo-
methane to acetylenic derivatives. In the reaction of diazo-
methane with methyl phenyl propiolate, both of the possible ad-
ducts were obtained in approximately equal amounts (13). 
0'\ c=c-cooc:H3 + CH-N2-- Q-c c-cooc:H z· II II 3 
CH N 
'\N/ 
I 
H 
However, ethyl tetrolate formed only the normal adduct. 
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The authors, von Auwer s and Ungemach, formula ted a rul.e gov-
erning these reactions which stated that in esters of the type 
I RCH=CHCOOR, nitrogen adds onl.y to the a-carbon atom whether 
, 
R is alkyl or aryl; whereas in the esters Rc=ccoOR, this is 
true onl.y when R is an alkyl group. 
4. Tautomeric Forms of Pvrazoline Carbozylates 
Previous mention has been made in this study of the 
existence of three tautomeric forms (XLV - XLVII) in which 
pyrazolines may exist. In this section consideration is given 
to the relative stability of each form and the methods used 
to distinguish between them. 
H 
I 
:;c-C-COOR 
I I 
-c N 
/ " I" N 
(XLV) (XLVI) (XLVII) 
It has been shown that the position of the azo-hydrazone 
equilibrium lies far to the right (18) (27). 
H 
I 
:;c-N=N-
-
H 
, I 
C=N-N-
.... 
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Branch and Calvin (27) state that the hydrazone structure is 
more stable than the azo by nine kilocalories. Since five or 
six kilocalories difference in heat content will reduce the 
amount of the unstable form to negligible proportions, it is 
evident that under conditions favorable to the establishment 
of equilibrium the pyrazolines will be found exclusively in 
the hydrazone structure. 
Compounds of structure XLV are virtually unknown since 
they can achieve greatly enhanced stability by a 1-3 proto-
tropic shift to give structure XLVI. The latter structure is 
undoubtedly the most stable of the three types since it has 
the hydrazone form and the ring double bond is in conjugation 
with the carbonyl group. Smith and Pings (99) were able to 
demonstrate the existence of a pyrazoline of type XLV when 
they added diazomethane to benzalacetophenone. The primary 
adduct, presumably the ~1-pyrazoline, rearranged to the ~2-
compound when heated slightly above the melting point. Further 
heating resulted in loss of nitrogen with the formation of 
dypnone. 
0 
Q-cH=CH-to 
heat slightly 
above M.P. 
24 
M.P • 127-129° 
j !Urthe• heating 
0 
Or=CH~o CH3 
When the hydrogen atom in structure XLV is replaced with 
a substituent group, a shift of the ring double bond into 
conjugation with the keto•ccarbonyl group is no longer pos-
sible and the ~1- or azopyrazoline is easily isolable. In 
the absence of catalysts which facilitate the 1-3 shift to 
give structure XLVII these compounds will remain in the azo 
structure. Under the influence of acids, however, they under-
go facile rearrangement to hydrazone structure XLVII (10). 
1:1 HCl 
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Interesting direct synthesis of isomeric pyrazolines of 
types XLVI and XLVII were realized by von Auwers and Gauer (8). 
The addition of hydrazine to methyl ~-acetylacrylate gave me-
thyl 3-methyl-62-pyrazoline-5-carboxylate (XLVIII) while methyl 
acrylate combined with diazoethane to form methyl 5-methyl-62-
pyrazoline-3-carboxylate (XLIX). 
(XLVIII) 
+ 
(XLIX) 
Methods for distinguishing between the three tautomeric 
isomers have been developed. The presence of compounds of 
types XLVI and XLVII may be determined by reaction with amine 
reagents such as acetyl chloride, ethyl chloroformate, and phen-
yl isocyanate (8). This technique suffers from the limitation 
that compounds of structure XLV tend to react slowly due to 
isomerization under the influence o:f the reagent. A second 
technique which makes use o:f molar refractivity measurements 
is discus.sed in detail on pages 19 and 20. Briefly stated, 
the method distinguishe.s between compound.s with conjugated 
unsaturation and their non-conjugated isomer.s. Application 
o:f both the chemical and phy.sical te.sts to an unknown pyra-
zoline usually serve.s to identity its tautomeric :form. 
5. Stereochem.icgl. Considerations 
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The que.stion o:r whether geometric isomers could be ob-
tained by the addition o:f diazomethane to suitable unsaturated 
molecules has occupied .several worker.s in the :field. In 1900 
it was demonstrated by von Pecbmann (82) that both crotonic 
and isocrotonic esters reacted with diazomethane to :form iden-
tical pyrazolines. They al.so showed that the same pyrazoline 
could be obtained by treating either dimethyl maleate or di-
methyl fumarate with diazomethane. Since this early work, 
numerou.s examples o:r this type o:f reaction have been reported. 
Thus, Guha and Sankaran (47) obtained the same product by al-
lowing dimethyldiazomethane to react with either diethyl male-
ate or diethyl fumarate. 
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Similar results with maleic and fumaric esters were obtained 
when diphenyldiazomethane was used (It). Smith and Howard (97) 
(98) obtained the same dibenzoyl pyrazoline when they allowed 
either cis- or trans-dibenzoylethylene to react with diazometh-
ane. The same observations were made when diphenyldiazomethane 
was used. They noted that, in both eases, the cis-compound 
reacted more rapidly. 
Both cis- and trans-~-(lt-bromobenzoyl) acrylic acid com-
bined with diazomethane to give a product which was assigned 
the structln'e (XIII) shown below. 
0 no H-c-c 'I '\ Br II -
H-c-cooH 
Excess CHt" 2 
(XIII) 
The observation, made by von Auwers and KBnig in 1932 
(10), that pyrazolines formed from a,~-unsaturated esters 
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with an alpha hydrogen atom are almost invariably found in the 
t.2-structure (XIV), reopened the question of the stereochemis-
try of the addition reaction since no geometric isomers are 
possible for structure (XIV). 
ROOC-cH-CH-COCR 
R 1 I I 
'c N 
Rf' ~ ~ 
N 
ROOC-CH-C-cOCR 
R r I II 
.... c N 
" 
Rr ~~/ 
I 
H 
(XIV) 
As a result of their caref'ul study of pyrazoline structures, 
they concluded that during the addition of diazomethane to 
unsaturated esters the spacial arrangement of the substituent 
groups was preserved. The most clear-cut set of experiments 
which lent support to their conclusion involved the addition 
of diazomethane to the methyl esters of dimethyl maleic and 
dimethyl fumaric acids. Dimethyl maleic ester formed a solid 
pyrazoline which melted at ~9-51° while dimethyl fumaric ester 
gave a liquid product boiling at 158°/11 mm. Each pyrazoline 
was converted to its t.2-isomer by exposure to acid; the dimethyl 
maleic ester adduct giving a tautomer which melted at 71-73°, 
while that from dimethyl fumaric ester melted at 58-60°. A 
mixture of these two t.2-isomers melted at around ~1°. The 
sequence of reactions described is shown below. 
cH3-c-coocH3 
CH3oocl-cH3 
-
CH:!f2 
-
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M.P. 71-73° 
9H3 yOOCH3 
. ' 
CH3ooc-T l-cH3 
CH2 N 
"\:N/ 
B.P. 158°/ll mm. 
yH3 900CH3 
' ' 
CH300C-T T-cH3 
CH NH 
'\N/ 
M.P. 58-60° 
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Further confirmation of' the accuracy of' the proposed structures 
appeared in a later paper (ll), in which it was demonstrated 
that thermal decomposition of' dimethyl 3,4-dimethyl-61-pyrazo-
line-3,4-cis-dicarboxylate gave a 95% yield of' the cis-cyclo-
propane derivative, while decomposition of' the trans-adduct 
gave the trans-cyclopropane as the main product. 
95% 5% 
11main product" "very small amount" 
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Preservation of the unfavored configuration during the rather 
violent decomposition reaction vas especially worthy of note. 
In conclusion it may be stated that, at least in the case 
of unsaturated esters, a "cis" addition across the double bond 
takes place and that the geometry of the pyrazoline molecule 
remains, to a large extent, unchanged during the decomposition 
reaction. 
6. Consideration of the Tendency of Diazom,ethane to 
React with functional Qrgups in g.S-Unsaturated 
Compgunds 
The relative reactivity of certain functional groups with 
diazomethane has been measured recently by Kosak, Huntington, 
and MacGregor (63). They list the following order of reactivity. 
COOH ) COBr ) COCl ) OH ) CH3co 
It is of interest to examine the addition of diazomethane to 
a,~-unsaturated compounds containing electron-withdrawing 
groups which are functionally capable of reacting with the re-
agent. 
When ~-(lt--bromobenzoyl) acrylic acid vas treated with less 
than one equivalent of diazomethane, the compound isolated 
proved to be the methyl ester (70). In the presence of excess 
diazomethane methyl lt--(lt--bromobenzoyl)-~2-pyrazoline-3-carbox­
ylate was obtained. 
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0 
~J Br\J"-CH=CHCOOH + 
The addition of a cold ethereal solution of cinnamoyl 
chloride to three and one-half equivalents of diazomethane 
gave a yellow crystalline solid which proved to be a pyrazo-
line diazoketone {XV) (~5). 
0 
OcH=CHCOCl + 3CH~2.-~olH-~-LcHN2 + cH3c1 + N2 
CH2 N 
'\:N/ 
I 
H 
{XV) 
The same reaction was repeated by Wotiz and Buco (107) who 
isolated a 36% yield of the pyrazoline diazoketone and a low 
yield of unsaturated diazoketone (XVI). 
O CH=CHCOCHN 2 
(XVI) 
With p-methoxycinnamoyl chloride, these ap:thors obtained a 
66% yield of the pyrazoline adduct shown below. 
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Unsaturated methyl ketones apparently react exclusively 
by addition across the double bond. Smith and Howard (97) (98) 
isolated a 98.8% yield of 3-aceto-4-phenyl-A2-pyrazoline when 
they treated benzalacetone with excess diazomethane. 
- ~H-C-cocH3 \d""T II 
CH2 N 
'\N/ 
I 
H 
The normal reaction of diazomethane with saturated ketones 
would proceed according to the following general equation (87). 
RCOR + CH~ 2 -- RCOCHj + 
R 
'c --CH 
R/"' / 2 
0 
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Neither the homologous ketone nor epoxide formation was reported 
by Smith and Howard. Similar results were reported by Adamson 
and Kenner (2) who obtained 3-aceto-4,4-dimethyl-A2-pyrazoline 
(XVII) and 3-aceto-4,4,5-trimethyl-A2-pyrazoline (XVIII) by 
allowing mesityl oxide to react with excess diazomethane and 
diazoethane. 
TH3 
CH3i--n-GOCH3 
CH3-CH N 
"N/ 
I 
H 
(XVIII) 
CH~2 
(XVII) 
The reaction of methyl isopropenyl ketone with diazomethane 
was reported to give an 80% yield of 3-aceto-3-methyl-A1-pyra-
zoline (100). 
The usual reaction of diazomethane with an aldehyde group 
leads to the formation of a methyl ketone or an epoxide (87). 
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An interesting study of this reaction using both an cx,~-unsat­
urated aldehyde and the corresponding saturated derivative was 
recently reported by Kratzel and Wellman (64). In the presence 
of a slight excess of diazomethane 3-phenylpropanal reacted to 
farm 4-phenyl butanone-2 1n 5?% yield. 
When, however, equivalent quantities of diazomethane and cin-
namaldehyde were combined, no nitrogen evolution was noted and 
the crude product obtained was shown to have the structure (XIX). 
OH=CHCHO + CHZ~2 __ OrH-nCHO 
CH2 N 
"'r/ 
H 
(XIX) 
Two somewhat mare complex examples of unsaturated compounds 
which react with mare than one equivalent of diazomethane are 
worthy of mention. In 1941 Spencer and Wright (101) treated 
a methanol solution of coumarin with excess diazomethane and 
isolated a pyrazoline to which the structure (XX) was assigned 
without proof. 
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(XX) 
By anal.ogy with the proven structures of' pyrazol.ines obtained 
by the addition of' diazomethane to cinnamic esters a more 
probabl.e structure is that shown bel.ow. 
methyl. It- ( o-methoxyphenyl.) -6 2-pyr azol.ine -3- e.~r-bo11 y I &te. 
In the reaction of' aconic acid with excess diazomethane two 
mol.es of' the reagent were utilized (85). 
/0\. 
O=T TH2 
HC C-COOH + 2CH~2 
In this case the l.actone ring did not open. 
3'1 
7. Pyrazole Formation 
The comparative ease with which suitab~y substituted pyra-
zo~ines may be oxidized to the corresponding pyrazo~es has been 
known for some time. Indeed, much of the ear~y work with pyra-
zo~ines was reported by chemists who were seeking new synthe-
tic routes to pyrazo~es. It was not the put" pose of the present 
study to review this work, but rather to record certain cases 
in which pyrazo~es appeared as undesired byproducts dut"ing at-
tempts to prepare pyrazo~ines. 
In genera~, the transformation of pyrazo~ines to pyruo~es 
was accomp~ished by bromine oxidation. In a typical example, 
von Pecbmann and But"kard (83) treated methy~ cinnamate with 
diazomethane, isolated the pyrazoline, and treated it with a 
so~ution of bromine 1n carbon tetrachloride to obtain methy~ 
4-phenyl-pyrazole-3-carboxy~ate. 
~H=CHCOOCH3 CHiif ~H-C-COOCH3 Br i ~ --C-COOCH3 "=./ \d'f II \dO-II II 
CH2 N CH N ~~/ ~N/ 
I I 
H H 
Attempts to prepare pyrazo~ines from certain other nega-
tive~y substituted, unsatut"ated compounds such as unsatut"a.ted 
bromides, nitrlles, and nitro compounds have ~ed directly to 
pyrazo~es. 
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01iveri-Manda1i (76) obtained a quantitative yie1d or 
pyrazole hydrobromide by allowing vinyl bromide to react with 
diazomethane. 
CH-CH • HBr 
II II 
CH N 
"'-N/ 
I 
H 
When ethy1 a-cblorocrotonate was combined with an ethereal 
solution or diazomethane the crude product decomposed on at-
tempted isolation to give ethyl ~-methyl-pyrazole-3-carbox­
ylate (10). 
The compound, ethyl Y,t ,'1'-tricblorocrotonate, under the same 
conditions gave an excellent yield or the expected pyrazoline. 
3.9 
It has been reported that cyanopyrazolines are unstable. 
They tend to lose hydrogen cyanide with the formation of a 
pyrazole (12). Snyder (100) has, however, successfully dis-
tilled 3-methyl-3-cyano-61-pyrazoline (b.p. 45-46°/3 mm.). 
Nitropyrazolines undergo oxidation to pyrazoles with 
ease • According to Par ham and Hasek, the addition of a trace 
of concentrated acid to 3-nitro-4,5,5-triphenyl-62-pyrazoline 
and 3-nitro-4-methyl-5,5-diphenyl-62-pyrazoline resulted in 
the formation of a rearranged pyrazole with the loss of the 
elements of nitrous acid (79)· 
A mechanism advanced by the IUlthors to account for the 
observed products consisted of a concerted two-fold rearrange-
ment of the Wagner-Meerwein type. 
H 
I R'-cH- C-NO 
R I I 2 
'c N 
R/ "'-.N/ 
H 
~I 
R 1-CH-C 0 + HN02 
R 1 I 
R) "N/ 
H ! H It- I R-C C-R r 
I I 
R-c e} 
"Nf" 
H 
R-c-LR' + tP RJ J 
"N~' 
l 
The addition of diazomethane to 1-bromo-1-nitro-2-phenylethyl-
ene (XXI) gave a pyrazoline which was too unstable to be iso-
lated but which gave 3-nitro-4-phenyl pyrazole when treated 
with base and 3-bromo-4-phenyl pyrazole when exposed to acid 
(78). 
Br Qca b-No2 
(XXI) 
4-1 
CH~2 
In several instances the thermal decomposition of a pyra-
zoline carboxylate has led to the isolation of significant 
amounts of pyr azole in addition to the expected products. For 
example, the pyrazoline (XXII) formed by the addition of diazo-
methane to trimethyl aconitate decomposed with the formation 
of approximately two-thirds of the theoretical yield of cyclo-
propane derivative, while the remaining one-third was oxidized 
to dimethyl pyrazole-3,4--dicarboxylate with loss of the 
-CH2coocH3 group (11). 
4-2 
(XXII) 
It was also noted that methyl 4-methyl-~2-pyrazoline-3-carbox­
ylate gave a small amount of methyl 4-methyl-pyrazole-3-car-
boxylate in addition to the nitrogen-tree product, methyl ~,~­
dimethylacrylate. The sole product obtained by thermal treat-
ment of ethyl 3,5-dimethyl-~1-pyrazoline-3-carboxylate was a 
compound containing nitrogen, which gave an elementary analysis 
fitting the percentages calculated far an ethyl dimethylpyra-
zole-carboxylate. The position of the substituents was not 
determined. 
8. A Possible Mechanism tor the Addition of 
Diazomethane to g.B-Unsaturated Esters 
From a consideration of the two important resonance farms 
which contribute to the structtn'e of diazomethane (104-) it 
seems evident that under the proper conditions the methylene 
carbon atom could be involved in a nucleophilic attack at a 
positive center. 
ee 
CH =N=N 2 
Arndt and Eistert (6), (7) have shown that the reaction of' di-
azomethane with ketones probably proceeds by initial attack 
of' the reagent on the carbonyl carbon, followed by ring clo-
sure to give (XXIII). 
R,~ Q s R f) R Pe 
C=O + CH2-N=N "c"" 'N 'c + N2 R"" R/1 til R""f 
CH-N CH Ei) 2 2 
(XXIII) (XXIV) 
Loss of nitrogen then leads to the formation of the intermed-
iate (XXIV). The reaction is completed by ring closure to 
form the epoxide or by migration ·of R to form a new ketone. 
In support of' the ionic mechanism postulated here is the ob-
servation that polar substances such as water and alcohol cat-
alyze the reaction (87). 
The observation by von Auwers and K8nig (10) that water 
catalyzes the addition of diazomethane to a,~-unsaturated es-
ters lends support to the postulate of an ionic mechanism for 
this reaction also. Young and coworkers (108) have proposed 
such a mechanism in a paper published in 1944. 
R hO 
I 'II 
RCH=C-C-<ll 
...:::A 
R c!=> 
I I 
RCH-C=c-OR 
ED 
l 
1 R 0 
1 n 
RCH- C-C-OR 
I I 
c'2/ 
N 
This mechanism accounts for the addition of the methylene car-
bon atom of diazomethane to the B-carbon atom of the unsaturated 
ester. It predicts that, other factors being equal, the ten-
dency for diazomethane to add to unsaturated compounds will 
increase with increasing positive charge on the ~-carbon atom. 
The prediction is verified in the laboratory where it can be 
demonstrated that addition to unactivated double bonds fails; 
slow addition is observed with a,~-unsaturated amides, and ra-
pid addition occurs with a,~-unsaturated esters and ketones. 
4-5 
c. Th8 Thermal Decomposition of Negatiyely Substituted 
pyr azg1ines 
1. Intro<iuction 
In the following paragraphs the literature concerned with 
the thermal decomposition of negatively substituted pyrazolines 
will be considered f'.r:om the standpoint of' the products formed, 
the rates of' reaction, and the mechanisms proposed f'or the re-
action. Certain generalizations are made regarding the propor-
tion of' cyclic to unsaturated products formed during the de-
composition of pyrazolines of given structure. Similarly, the 
variations in the rates of thermal decomposition with struc-
ture are correlated. 
2. Ratio of Isomers Obtained by Thermal Decomposition 
When the decomposition of pyrazoline carboxylates was 
first studied, it was felt that the sole product of' the reac-
tion was a cyclopropane carboxYlate. Buchner noted an excep-
tion to this rule when he showed that decomposition of dimethyl 
~2-pyrazoline-3,5-dicarboxylate gave dimethyl glutaconate in 
addition to the expected cyclopropane derivative (29). 
He felt that the appearance of an unsaturated product was due 
to the presence of a methylene group at carbon atom 4 in the 
parent pyrazoline. The isolation of methyl a,~-dimethylcin­
namate as the only product of the thermal decomposition of 
methyl 3-methyl-4-phenyl-~1-py.razoline-3-carboxylate (8) tend-
ed to disprove this theory. 
The first thorough study of the products obtained by the 
thermal decomposition of pyrazoline carboxylates was under-
taken by von Auwers and Kl!nig in 1932 (11). They decomposed 
a series of py.razolines and isolated the mixtures of isomers 
by distillation. The proportion of unsaturated compound was 
then determined by bromine titration. The difference between 
the total sample weight and the weight which reacted with bro-
mine was considered to be the amount of cyclopropane derivative. 
The results obtained by von Auwers, together with those 
of other workers, which involve the decomposition of pyrazo-
lines containing one negative group are summarized in Table IV. 
The decomposition of pyrazoline dicarboxylates is considered 
separately in Table V. 
An examination of Table IV reveals that the 6 2-pyrazoline 
carboxylates of relatively simple structure yield a preponder-
ance of olefins while the simple structured 61-pyrazoline car-
boxylates in two cases fUrnish mostly the cyclopropane deriva-
tive and in one case, that of methyl 3,4-dimethyl-61-pyrazo-
line-3-carboxylate, 77% of the unsaturated compound. 
Only unsaturated products were identified when the two 
ketopyrazolines were decomposed. 
The only nitrile reported, 3-cyano-3-methyl-61-pyrazoline, 
gave a 96% yield of 1-methylcyclopropane-1-nitrile. 
As indicated in Table V, dimethyl 62-pyrazoline-3,4-di-
carboxylate gave a 65% yield of the unsaturated isomer when 
thermally decomposed. All of the remaining pyrazoline dicar-
boxylates examined, both 61- and 62-, afforded mostly the cyc-
lic product. 
Pyrazolines possessing two electron-withdrawing groups 
TABI.EIY 
Decomposition of PFazolines Containing One Negatiye Grgyp 
R2 R3 Rlt I I I 
R1-T-c==c-x 
H 
Rlt I 
+ R -CH--C-X 
3 " / 
''R 2 1 
% 
lt8 
X cyclic acyclic Reference 
H H H H 100** (11) 
H H H 100 (11) 
H H H COOCH3 70 30 (95) 
H H H 93** (11) 
H H 100** (11) 
H H 77 (11) 
H COOCH3 86 llt (11) 
H H H CN 96 (41+) 
H H H (98) 
H H H X (99) 
* If Rlt = H the compound probably exists as the A2-isomer 
** The unsaturated compound isolated was the ~,~-unsaturated isomer 
"x" indicates that this isomer was the only product isolated 
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TABU:V 
Decomposition of Pyrazoline Dicarboxylates 
R3 R4 R3 R4 R4 I I I I I 
ROOC-C --c-coOR ~ ROOC-C c-coOR + R1R:tt3c-c=c-core + N2 
R2,! J "'-/ I /c, COOR R2 Rl 
R{"'-..N/ 
* 
% % 
Rl R2 R3 R4 R cyclic acyclic Reference 
H H H H CH3 35 65 (11) 
main slight 
H H H CH3 CH3 product yield (11) 
H H CH3 H CH3 100 (11) 
H H CH3 CH3 CH3 100 (11) 
H H H CH(CH3) 2 CZl5 82 (90) 
C6H5 C6H5 H H CH3 X (4) 
C6H5 C6H5 H CH3 CH3 X (5) 
CH3 CH3 H H c~5 X (47) 
H H H CH2COOCH3 CH3 X (11) 
* If R4 =H the compound probably exists as the t.
2
-isomer 
"x" indicates that this isomer was the only product isolated 
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at carbon atom 3 tend to form the a,~-unsaturated derivative 
exclusively. For example, diethyl 4-methyl-L11-pyrazoline-3,3-
diearboxylate gave a quantitative yield of diethyl isopropyl-
idenemalonate when decomposed (11). 
Also, methyl 3-eyano-4-methyl-L11-pyrazoline-3-carboxylate fUr-
nished only the unsaturated derivative, methyl isopropylidene-
cyanoacetate (108). 
When a third negative ~oup was substituted at carbon atom 4 
of the pyrazoline the only product isolated was again the cyc-
lic isomer in a~eement with the observations noted for pyra-
zoline-3 ,4-diearboxylates (lt6). 
(CH3) iif 100Cii5 
c~5ooci T-coocii5 
CH2 N 
'\..N/ 
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According to an article by Kohler and Steele (61) the 
nature of the decomposition products may be influenced by cat-
alysts. These authors found that the thermal decomposition of 
ethyl ~-phenyl-5-benzoyl-62-pyrazoline gave a pyrone derivative 
in addition to a trace of the cyclopropane ester. If, however, 
the decomposition was carried out in the presence of platinum 
the yield of ethyl 2-phenyl-3-benzoylcyclopropane-1-carboxylate 
rose ft' om less than 1% to over Ito%. 
Pt I 6 
oc,/CHCOOC~? 
CH 
I 
6 
0 
0 11 C=CH-C I I CHOO 
rl 
~ 
3. Isolation of B.v-Unsaturated Esters 
The usual products obtained ft'om the thermal decomposition 
of pyrazoline esters are cyclopropane carboxylates and/or the 
corresponding a,~-unsaturated esters. In three cases, however, 
von Auwers and K~nig (11) isolated only a single product ft'om 
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such a decomposition, the ~,{-unsaturated ester. Thus, methyl 
62-pyrazoline-3-carboxylate gave a quantitative yield of meth-
yl vinylacetate (XXV), methyl 5-methyl-62-pyrazoline-3-carbox-
ylate afforded 93% methyl 3-pentenoate (XXVI), and methyl 4,5-
dimethyl-62-pyrazoline-3-carboxylate decomposed to give a quan-
titative yield of methyl 3-methyl-3-pentenoate (XXVII). 
CH2- C-COOCH3 I II 
CH2 N 
'\N/ 
I 
H 
CH3-CH- C-COOCH3 I II 
CH3-CH N ~N/ 
I 
H 
(XXV) 
(XXVI) 
(XXVII) 
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The reason for the appearance of the labile ~,{-compounds 
instead of their a,~-isomers remains obscure. The possibility 
of conjugation with the negative group would normally favor 
a,~-unsaturation, however, if enough alkyl groups are present 
in the molecule, the equilibrium will be shifted in the direc-
tion in which the double bond becomes conjugated with the larg-
est number of a-hydrogen atoms (3). It has been shown exper-
imentally that an equilibrium mixture of vinyl acetic acid 
(2 a-hydrogen atoms) and the corresponding a,~-unsaturated 
compound, crotonic acid (3 a-hydrogen atoms) contains only 2% 
of the ~,{-isomer (3). However, 38% of 3-pentenoic acid (5 a-
hydrogen atoms) is present in equilibrium with 2-pentenoic acid 
(2 a-hydrogen atoms) (3). In the case of 3-methyl-3-pentenoic 
acid, the double bond is conjugated with eight a-hydrogen atoms 
while in 3-methyl-2-pentenoic acid, only five a-hydrogen atoms 
are available. One could predict in this case that a substan-
tial amount of the ~ ,v-isomer would be present in an equili-
brium mixture of the two acids. 
It is evident from the foregoing discussion that it is 
not possible to account for the observed products of decompo-
sition in terms of their stability. The explanation probably 
lies in a mechanism for the reaction in which the rate of for-
mation of the ~,v-isomer is sufficiently great to favor this 
process over the alternate paths to the cyclic or a,~-unsat­
urated products. The mechanism of Young et al. (p.S7) which 
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successfully explains the formation of the cyclic and a,~-iso­
mers cannot be extended to include the formation of ~,¥-isomers. 
4. Thermal Decomposition Rate Studies 
Snyder (100) recently measured the rates of thermal de-
composition of a series of ~1-pyrazolines. The results of 
his work are summarized below: 
1. In a series of alkyl 3-methyl-~1-pyrazoline-3-carbox­
ylates, variation in the nature of the alkyl group 
from methyl to ethyl, n-propyl, isopropyl, and n-butyl 
produced no significant change in the rate of thermal 
decomposition. The t-butyl ester decomposed at a sub-
stantially slower rate, perhaps due to a steric effect. 
2. The rates of decomposition of a series of pyrazoline 
carboxylates substituted with alkyl groups at various 
positions on the ring were measured. The compounds 
tested are listed in Table VI in order of increasing 
rate. Perhaps the most notable feature of these data 
is the marked increase in rate caused by substitution 
at carbon atom 5 of the pyrazoline ring. 
3. Table VII illustrates the effect on the rate of decom-
position caused by variation in the nature of the ac-
tivating group. It will be noted that, with the ex-
ception of the nitro group, the rate increases as the 
electron-withdrawing power of the activating group 
increases. A possible explanation for the anomalous 
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TABLE VI 
Rates of Decgmposition of Pyrazo1ine Carboxy1ates 
Rate1 Temperature K min- °C. 
H CH3 CH3 0.0124 125·9 
H H c~5 0.0169 125·9 
H H CH3 0.0338 125.9 
H H CH3 0.0060 109.5 
c~5 H CH3 0.0439 109.5 
CH3 H CH3 0.0446 109.5 
n-c3~ H CH3 0.0452 109.5 
TABLE VII 
Rates of Decomposition of Negatively Substituted Pyrazo1ines 
X 
CONH2 
N02 
COOC:tf5 
COCH3 
COCH3 
CN 
Rate1 K min-
0.0012 
0.0291 
0.0338 
0.0510 
0.01o4 
0.0463 
Temperature 
oc. 
125-9 
125-9 
125-9 
125.9 
109.5 
109.5 
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behaviour of the nitropyrazoline lies in the ease with 
which such compounds are transformed to pyrazoles by 
loss of the elements of nitrous acid (78) (79). For-
mation of pyrazole during a decomposition run would 
reduce both the nitrogen yield and the effective con-
centration of pyrazoline. 
5. Proposed Mechanisms for the Decomposition of 
Pyrazolines 
Both an ionic and a free radical mechanism have been pro-
posed to explain the mode of the decomposition of pyrazolines. 
In 19~, Young, Andrews, Lindenbaum, and Cristol (108) 
explained the formation of the observed products of the ther-
mal decomposition of a negatively substituted pyrazoline by 
means of an ionic mechanism. The sequence of reactions en-
visioned by these authors is outlined below. 
H X 0 H X 0 
I II I II 
1. R-C C-C-OR R-C-£-C-OR 
I I I -
CH2 N CH2 /N G) 
"..N/ "N~ 
X 0 X 0 
2a. d-~-OR --- R-c=t-~-OR 
I 
+ 
CH3 
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H X 0 X 0 
I II I II 
2b. R-1 ~-C-OR CH2 N CD 
'&5 
R-CH--c .... c-OR + N2 
"-c( 
The possibi1ity that loss of nitrogen preceded formation of 
the final products was recognized by the authors. It was no-
ted that if X was a cyano or carba1koxy group, the a-carbon 
atom would have less e1ectron density. This would favor the 
hydride shift. In support of the 1atter theory the authors 
reported the decomposition of methyl 3-cyano-~methy1-~1-pyra­
zoline-3-carboxylate at room temperature to give a 46% yie1d 
of methy1 2-cyano-3-methy1-2-butenoate. 
TN YH3 TN 
cH3TH-9-coocH3 --cH3c=c-coocH3 + N2 
CH2 N 
'..:N/ 
An experiment which tends to support this theory was reported 
by von Auwers and KBnig (11). They found that the thermal 
decomposition of diethy1 ~methyl-~1-pyrazoline-3,3-dicarbox­
y1ate gave a quantitative yield of diethyl isopropy1idene ma1-
onate. 
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In a paper discussing the thermal decomposition of aJ.kyl 
pyrazolines, Beech, Turnbull, and Wilson (19) proposed a ft"ee 
radical mechanism for the reaction. The compounds cited by 
these authors were ~2-pyrazolines. The initial step involved 
a tautomeriza.tion to the azo or ~1-isomer. Loss of nitrogen 
then led to the formation of the diradical (XXVIII) which could 
react to give either the alicyclic or the unsaturated product. 
CH -C-R 1 
I 2 II 
R-CH N 
"'N/ 
I 
H 
CH -CHR 1 
I 2 I 
R-CH N 
"~ N 
CH -CHR 1 
'{/ 
CH 
I 
R 
CH-CHR 1 
I 2 • 
R-CH• 
(XXVIII) 
RCH=CHCH~ 1 
It was observed that dipotassium hydrogen phosphate, triethan-
olamine, or traces of potassium hydroxide catalyzed the reac-
tion. These substances, which are known to faciLitate proto-
tropy, would aid the equllibriUIII step formula.ted above. 
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D. The D1pyrazolines 
A study of the literatm-e reveals very little work on the 
reaction of diazoalkanes with diolefins and only two references 
to the preparation of negatively substituted dipyrazolines. 
Of historical interest is the report by M1Uler and Roser 
(7~) dealing with the reactions of 1,3-butadiene with diazo-
methane and ethyl diazoacetate. When one equivalent of diazo-
methane was allowed to react with butadiene at -20° for two 
days, 5-vinylpyrazoline (XXIX) was isolated. Use of excess 
. I 
diazomethane resulted in the formation of 5,5-dipyrazoline (XXX). 
CH2 CH-CH -CH2 I I 
NH CH 
"N~ 
(XXIX) (XXX) 
When butadiene and excess ethyl diazoacetate were heated in a 
sealed tube for seven days a 10% yield of diethyl 5,5-dipyra-
zoline-3,3-dicarboxylate (XXXI) was isolated. Distillation of 
this material resulted in loss of nitrogen and isolation of a 
substance assigned the formula (XXXII) of a dicyclopropane. 
It should be noted that structm-es XXIX, XXX, and XXXI were 
not rigorously established. 
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CH-CH-CH-CH 
I 2 I I I 2 
distill• 
c ~~ooc-c NH NH c-cooc ~~ ~N/ "N~ 
(XXXI) (XXXII) 
The work of Guha and Sankaran (48) bears more directly 
on the problems of this research. These workers noted that 
1,2 addition of the diazoalkane to the diolefin occurred in 
all cases where the double bonds were not activated by elec-
tron-withdrawing groups. To observe the effect of such groups, 
they treated an ethereal solution of diethyl muconate with 
excess diazomethane. Nitrogen evolution was noted during the 
reaction and the product isolated proved to be diethyl ~4-cy­
clopentene-1,3-dicarboxylate (XXXIII). 
C ~~OOC-CH=CH-cH= CH-COOC~~ jc•b 
(XXXIII) 
In a similar manner dimethyl diazomethane gave the diethyl 
ester of isodehydroapocamphoric acid (XXXIV). 
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(XXXIV) 
More recent1y Bailey and Ross (17) have shown that 1,2 
addition can occur in conjugated diolerins activated at the 
terminal carbon atoms with negative groups. When 1,4- diben-
zoyl-1,3-butadiene was added to an ethereal solution or diazo-
methane, a dipyrazoline was obtained to which the authors as-
signed the rormula (XXXV). A more probable structure based 
on the known tendency ror such compounds to assume the more 
stable system or conjugated unsaturation is shown below (XXXVI). 
(XXXV) 
(XXXVI) 
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A possible explanation for the 1,2 addition observed in 
this case lies in the mode of addition. The method of prepar-
ing such compounds usually involves addition of the diazoal-
kane to a solution of the unsaturated compound. These authors, 
however, by reversing the order of addition, provided a large 
excess of diazomethane. 
Selective addition of diazomethane to the<f-methylene 
group of penicillic acid (XXXVI) has been reported by Birken-
shaw and coworkers (23). 
CH3 0 OCH3 I II I 
CH2=C- C-C=CHCOOH + 
CH3 0 OCH3 I II I 
2CH-N ~CH -C-C-C=CHCOOCH 
z-2 I 2 I 3 
(XXXVII) 
CH2 N 
"'-/ N 
Several other workers, notably von der Heide (50) and 
Staudinger (102) (89), have studied the reaction of various 
diolefins with ethyl diazoacetate. In these experiments, how-
ever, no pyrazolines were isolated. 
III. DISCUSSION OF THE EXfER!MENTAL RESULTS 
A. Preparation of the NecessarY Intermediates 
In the following pages of this section the preparation 
of the various intermediates which were required for the ex-
perimental work is considered. 
1. Preparation of Diazomethane 
Nitrosomethylurea was chosen as the precursor for the 
diazomethane used in the present research. This compound, 
although not commercially available, may be prepared in ex-
cellent yield from methyl amine, sodium nitrite, and urea 
according to the directions of Arndt (26). 
HONO 
The product was found to be stable for months if stored in a 
desiccator in the refrigerator. 
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The diazomethane itself was prepared as required by alka-
line decomposition of the nitrosomethylurea using the techni-
que described in Organic Syntheses (24). The equation for the 
decomposition may be written in the manner shown below. 
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The ether solution containing diazomethane was purified and 
utilized simultaneously by distillation directly into a solu-
tion of the unsaturated compound dissolved in a suitable sol-
vent. Average yields for the overall preparation and purifi-
cation of the reagent starting with nitrosomethylurea were of 
the order of 45-55%. These yields are based on the experience 
of other workers (24) who determined the concentration of di-
azomethane by reaction with excess benzoic acid followed by 
titration of residual acid with standard base. 
Extreme caution should be exercised by any person work-
ing with diazomethane. The gas itself is both extremely toxic 
and explosive while the most common precursors, nitrosomethyl-
urea and nitrosomethylurethane, are skin irritants (1). Lead-
ing references to the properties of these compounds and the 
precautions necessary in handling them are to be found in 
organic Reactions (1) and in a monograph by Eistert (39). 
In the author's experience diazomethane was conveniently 
prepared in quantities up to 0.80 mole using the method des-
cribed in organic Syntheses (26). All operations connected 
with preparation and use of the reagent were conducted in a 
well-ventilated ho·od. 
No difficulty was experienced in distillation of ethereal 
solutions of the reagent when the following procedure was ad-
hered to. The ether layer from the crude reaction mixture was 
decanted into a round-bottomed flask and distilled using a 
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water-bath heated to 4o-50° by a steam cone. The receiver 
was cooled by immersion in an ice-bath and was connected to 
an ice-cooled trap. Using this technique, there was no appa-
rent dii'ficulty when standard taper joints were employed des-
pite the report (39) that diazomethane may explode when ex-
posed to ground glass sur races • 
2. Methacrylyl. Chlgr ide 
Two methods were utilized i'or the preparation oi' methacryl-
yl chloride • The i'ir s t was the i'amiliar process i'or making 
acid chlorides using thionyl chloride. Lal and Green (65) 
described the use oi' this technique i'or the preparation oi' 
methacrylyl chloride in 1955. Following their procedure, 
equivalent amounts oi' glacial methacrylic acid and thionyl 
chloride were combined. Distillation oi' the crude product 
in the presence oi' an inhibitor (cuprous chloride) gave a 
72.8% yield of the desired product. 
Essentially the same yield (69.5%) was obtained when a 
solution of glacial methacrylic acid in pyridine was added 
to benzenesulfonyl chloride according to a procedure for mak-
ing acid chlorides described by Heyboer and Staverman (52) 
CH3 
pyridine , CH ~-coca + A so oH 
2 '\.J 2 
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3. Isopropyl Methacrv1ate 
The preparation of isopropyl methacrylate by simple ester-
ification of methacrylic acid with isopropyl alcohol in the 
presence of acid and an inhibitor has been reported (36). 
The method described by Heyboer and Staverman (52) for the 
preparation of tertiary butyl methacrylate was, however, used 
in the present study. Methacrylyl chloride and isopropyl al-
cohol were allowed to react in the presence of pyridine. Cop-
per powder was added to inhibit polymerization. 
pyridine 
copper 
A 4o-7% yield of the pure ester was obtained. 
lt. Tiglic Acid 
A very comprehensive review of the chemistry of tiglic 
acid and its geometric isomer, angelic acid, has been com-
piled recently by Buckles, Mock, and Locatell (34). In this 
review, reference is made to a procedure developed by Buckles 
and Mock (33) for the preparation of tiglic acid starting 
with methyl ethyl ketone. The sequence of reactions is given 
below. 
anhydrous 
HCN 
KCN 
60-80° 
100% H2solt ~ 
75'-80° 
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Since the compound tiglaldehyde is commercially available 
(Eastman Kodak Co.) it was decided to attempt the prepara.tion 
of the desired acid by oxidation of the aldehyde with silver 
oxide. Goldberg and Linstead (4-3) have reported the oxidation 
of 2,3-dimethyl-pentenal-2 to the corresponding acid in 60% 
yield using silver oxide. Their procedure was adapted to the 
preparation of tiglic acid in 83.3% yield. 
5. Tiglic Acid Amide 
The required amide was prepared in 82.9% yield by the 
general procedure for the preparation of amides described by 
Shriner and Fuson (92). 
CH3-c-H 
cH3l-cocl 
The melting point of the product was found to be 73-74-0 • Nas-
tor and Gavriloff (75), who previously prepared this compound, 
gave the melting point as 75-76°. 
6. Angelic Acid 
The general procedure for the synthesis of cis-olefins 
from trans-olefins developed by Hoff, Greenlee, and Boord (53) 
was utilized for the preparation of angelic acid from tiglic 
acid. Buckles and Mock (33) reported this synthetic route in 
1950. The steps involved consisted of the trans addition of 
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bromine to tigl.ic acid, the trans el.imination of hydrogen 
bromide from the dibromo adduct, and the reduction of the 
resul.ting compound, 3-bromoangel.ic acid, to the desired pro-
duct with sodium amal.gam. An outl.ine of this reaction sequence 
is given bel.ow 
TH3 
CH3-c-H Br 2 Br-C-H II ----~---~~ I 
C!3 -C-COOH HOOC-C-Br 
I 
CH3 
KOH 
An 89.2% yiel.d of tigl.ic acid dibromide was real.ized by the 
author in the first step. Conversion to 3-bromoangel.ic acid 
occurred in 59% yiel.d, whil.e the last step, reduction with 
sodium amal.gam, afforded a 64.2% yield of angel.ic acid. 
7• A1lylmalgnic Acid 
Al.lylmalonic acid was prepared in 87.6% yiel.d by the hy-
drol.ysis of the commercial.ly avail.able ester, diethyl. al.lyl-
mal.onate, using a concentrated sol.ution of potassium hydrox-
ide. The reaction was completed in four hours at room temper-
ature. Linstead and Ryden (68) obtained an 85% yiel.d using 
the same procedure • 
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8. q-Allylcinnamic Acid 
a-Allylcinnamic acid, a compound not previously reported 
in the literature, was prepared by the Doebner modification 
of the Knoevenagel reaction (37) using the general procedure 
developed by Berman (22). Benzaldehyde was condensed with 
allylmalonic acid in the presence of pyridine and piperidine. 
The product was obtained in 53.2% yield as a white crystalline 
solid which melted at 94-95°. 
/COOH 
+ CH2 CHCH2-CH 
"cooH 
CH2CH=CH2 I 
~H=C-COOH 
PYI' idine ,. 0 
piperidine ~ I 
9. Diethyl Terraconate 
In 1949 Overberger and Roberts (77) described the prepara-
tion of diethyl terraconate by a Stobbe condensation of ace-
tone with diethyl succ.inate in the presence of potassium ter-
tiary butoxide. When their procedure was followed a 62% yield 
of pure product was obtained. 
HCl • 
(cH3 ) 2c==j-cooc~5 
CH2cooc~5 
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Wojcik and Adams (106) prepared diethyl terraconate by the 
same reaction using sodium ethoxide as a base. A different 
approach, reported by Kloetzel (58) consisted of allowing a 
mixture of d.'.C:ethyl fumarate, 2-nitropropane, and diethylamine 
to stand at room temperature for eighteen days. An 83% yield 
of the desired product was obtained. The reaction may be for-
mulated in the manner shown below. 
c2H5ooc-c-H II + + 
H-C-COOC~5 
+ 
10. Tetramethylfulgenic Acid 
Stobbe (103) prepared tetramethylfulgenic acid in 1905 
by the condensation reaction which bears his name. He allowed 
a mixture of diethyl terraconate, acetone, and sodium ethoxide 
to stand in ether solution for several days. Removal of the 
solvent and hydrolysis of the half-ester gave tetramethylful-
genic acid which melted at 230°. 
The method used by the author was, in essence, a repeti-
tion of the procedure described above for the preparation of 
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diethyl terraconate. A mixture of acetone and diethyl terra-
conate was slowly added to a refluxing solution of potassium 
tertiary butoxide in tertiary butyl alcohol. Hydrolysis of 
the crude ester with 20% sodium hydroxide gave a 23.5% yield 
of the desired acid. When recrystallized from ethyl acetate 
the compound melted at 234-235°. The sequence of reactions 
is outlined below. 
CH3COCH3 • 
KOC(CH3)3 
( CH3 ) 2c =r-C OOC 2H5j 
(CH3 ) 2C=C-COOH 
l 1. NaOH 2. HCl 
(CH3 ) 2c=C-COOH I (CH3 ) 2c=C-COOH 
11. N,N 1-Methylenebismethacrylamide 
In 1953 Feuer and Lynch (41) described the preparation 
of N,N 1 -methylenebismethacrylamide by the condensation of 
formaldehyde with two equivalents of methacrylamide in the 
presence of catalytic amounts of hydrochloric acid. 
TH3 
2CH2 C-CONH2 + HCHO 
HCl 
TH3 
(CH2 C-CONH-) 2cH2 + H20 
When this reaction was repeated, an 80.2% yield of the white 
crystalline compound was isolated. The product polymerized 
at temperatures above its melting point (164°). 
12. N,N 1-Ethylenebismethacrylamide 
73 
No previous preparation of N,N 1-ethylenebismethacrylamide 
has been recorded in the liter a tur e • The preparation of the 
homologous compound, N1N1-tetramethylenebismethacrylamide, has 
however, been reported by Iwakura and Yoneshima (55). They 
combined tetramethylenediamine with methacrylyl chloride us-
ing sodium bicarbonate to remove the hydrogen chloride formed. 
In the present work, methacrylyl chloride was added slowly to 
a solution of ethylenediamine, triethylamine, and chloroform 
at 0°. Working up the reaction mixture gave a 60.4% yield of 
product which crystallized from ethylene chloride in long white 
needles (m.p. 169-170°). A tetrabromo derivative was obtained 
in 89% yield using the procedure described by Shriner and Fu-
son (94). The pure compound melted at 150-151°. 
13. 2-Methacrylamidoethyl Methacrylate 
Jones (56) has described a process for the synthesis of 
N-(2-hydroxyethyl)-methacrylamide by the reaction of methacryl-
yl chloride with excess ethanolamine. 
yH3 
2HOCH2CH2NH2 + CH2 C-COCl. 
In the present research it was decided to attempt the conden-
sation of ethanolamine with two equivalents of methacrylyl 
chloride in order to obtain 2-methacrylamidoethyl methacrylate. 
Triethylamine was used as a base to neutralize the hydrogen 
chloride formed in the reaction. 
TH3 
HOCH2CH~2 + 2CH2 C-COCl 
TH3 TH3 
CH2 C-CONHCH2CH2ooc-C=CH2 + 2HC1 
Considerable losses were experienced during the distillation 
of the crude product due to polymerization despite the use of 
cuprous chloride as an inhibitor. The pure material, distil-
ling at 111-112°/0.2 mm., was obtained in 44.1% yield. 
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B. The Preparation and Decomposition of the Substituted 
Pyrazolines 
The yields and physical constants for the several solid 
pyrazolines prepared in this study are summarized in Table 
VIII while the values for the liquid pyrazolines appear in 
Table IX. In the following pages the preparation of each of 
these compounds is discussed together with any collateral in-
formation, such as decomposition characteristics, which was 
obtained. 
1. Isopropyl 3-Methyl-61-Pyrazoline-3-Carboxylate 
Isopropyl methacrylate reacted rapidly and smoothly with 
diazomethane to give an 85.3% yield of isopropyl 3-methyl-61-
pyrazoline-3-carboxylate. The product was a colorless liquid 
which distilled at 73-74°/2.0 mm. Its behaviour upon thermal 
decomposition was determined by Snyder (100). 
2. Methyl 3-Methyl-61-Pyrazoline-3-Carboxylate 
The preparation of methyl 3-methyl-61-pyrazoline-3-car-
boxylate has been reported previously by Siegel and Bergstrom 
(95) who did not isolate the pure compound, and by Snyder (100) 
who reported the addition of diazomethane to methyl methacryl-
ate to obtain the adduct as a liquid boiling at 45-46°/l.O mm. 
24 (nD 1.4535). 
When, in the present research, an ethereal solution of 
diazomethane was added by distillation to methyl methacrylate 
Unsaturated Compound 
tiglic acid amide 
diethyl ethoxymethyl-
enemalonate 
diethyl ethoxymethyl-
enemalonate 
vinyl crotonate 
a-allylcinnamic acid 
a-allylcinnamic acid 
N,N'-methylenebis-
methacrylamide 
N,N'-ethylenebis-
methacrylamide 
TABLE VIII 
New Solid Pyrazolines 
Pyrazoline 
3,4-dimethyl-61-pyrazoline-3-
carboxamide 
diethyl 4-ethoxy-61 -pyrazoline 
-3,3-dicarboxylate 
diethyl 4-ethoxy-62-pyrazoline 
-5,5-dicarboxylate 
vinyl 4-methyl-62-oyrazoline-
3-carboxylate -
methyl 4-phenyl-5-allyl-62-
pyrazoline-3-carboxylate 
4-phenyl-5-allyl-6 2-pyr azo1i.ne 
-5-carboxylic acid 
N,N 1-methylene-bis-(3-methyl-Ll1 
-pyr azo1ine-3-carboxamj de) 
N,N'-ethylene-bis-(3-methyl-61 
-pyrazoline-3-carboxamide) 
Percent 
Yield 
15.6 
96.2 
70.8 
98.3 
43.6 
67.1 
84.6 
100.0 
Melting 
Point 
oc. 
100-102 
30-31 
51.5-52-5 
58-59 
63.5-64-
136-138 
156.5-158.5 
149-150 
--J 
(]; 
TABLE IX 
New Liguid P~§Zolines 
Unsaturated Pyrazoline % Boiling Point Refractive Compound Yield Index 
oc. Pressure n25 
"""'· 
D 
isopropyl isopropyl 3-methyl-61-pyrazo-
methacrylate line-3-carboxylate 
85.3 73-74 2.0 1.4422 (1) 
methyl methyl 3,4-dimethyl-61-pyra- (2) 45 0.07 1.4527 tiglate zoline-3-carboxylate 
dimethyl m!thyl 3-carbomethoxymethyl- 77-5 (3) - 1.4622 itaconate 6 -pyrazoline-3-carboxylate 
vinyl meth- vinyl 3-methyl-61-pyrazoline-
acrylate 3-carboxylate 
90.8 58-59 1.0 1.4660 
vinyl vinyl 3,4-dimethyl-61-pyrazo-
tiglate line-3-carboxylate 
(2) 63-64 0.7 L464o 
allyl meth- allyl 3-methyl-61-pyrazoline- 89.5 62 0.35 1.4645 
acrylate 3-carboxylate 
allyl allyl 3,4-dimethyl-61-pyrazo-
tiglate line-3-carboxylate 
(2) 84.5 0.10 L47t'' 
ethylene di- 1 98 (3) 1.4734 ethylene-bis-(3-methyl-6 -pyra-
-
methacrylate zoline-3-carboxylate) 
(1) Refractive index determined at 24°. 
-..:J (2) Prepared from mixture which contained an -..:J 
unknown amount of the unsaturated compound. 
(3) Decomposed on attempted distillation. 
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the reaction of the initial increments of the reagent was vir-
tually instantaneous. Removal of the solvent and excess diazo-
methane after forty eight hours gave a quantitative yield of 
crude pyrazoline. Distillation at reduced pressure afforded a 
98% yield of pure product which distilled at 52-54°/0.5 mm. 
(n~5 1.4520). The boiling point reported by Snyder was sub-
s tan tially lower than the value observed in this study. There 
was no evident explanation for this discrepancy. 
a. Decomposition of the Pyrazoline - Method A 
A sample of the freshly distilled pyrazoline was decomposed 
in the temperature range 90-120°. Hydrolysis of the crude pro-
duct with aqueous methanolic potassium hydroxide gave an 87.7% 
yield of mixed acids. Bromination of this mixture, followed 
by fractional distillation, resulted in the isolation of a 
compound distilling at 42°/0.4o mm. which solidified to a white 
substance (m.p. 35-36°). It was identified as 1-methylcyclo-
propane-1-carboxylic acid by comparison with an authentic sample 
of the latter compound. The weight of cyclic acid obtained 
amounted to 58% of the sample of mixed acids taken for bromina-
tion. A second fraction distilled at 87°/0.20 mm. and also 
solidified in the receiver to a white solid (m.p. 82-85°). It 
was proven to be tiglic acid dibromide by comparison with the 
authentic compound, prepared by bromination of tiglic acid. 
The reactions described are outlined below. 
1. HOH KOH, 
2. HCl + 
yH3 
CH3CH-C-COOH I I 
Br Br 
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b. Decomposition of the Pvrazoline - Method B 
Methods for the separation of isomeric mixtures of the 
type encountered in this research are complicated by the near-
identity of the physical constants and the tendency of cyclo-
propane derivatives to behave as alkenes in many chemical reac-
tions. Thus we find that cyclopropane derivatives, as well as 
alkenes , will add bromine ( 86) • Although the presence of a 
carboxyl group on the cyclopropane ring tends to diminish the 
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reactivity toward bromine by electron withdrawal from the ring, 
there is a similar tendency for the alkene to be deactivated. 
It was decided to attempt the separation of these isomers 
by taking advantage of the selectivity of the addition of diazo-
methane to the unsaturated component. Fractional distillation 
could then be used to separate unreacted cyclopropane carboxyl-
ate from the newly formed pyrazoline. 
A sample of methyl 3-methyl-~1-pyrazoline-3-carboxylate 
was decomposed in the usual manner to give a 95.3% yield of 
mixed esters. Addition of diazomethane to this mixture afforded 
a yellow liquid product which was separated by fractional dis-
tillation into methyl 1-methylcyclopropane-1-carboxylate and 
methyl 3 ,4-dimethyl-~1-pyrazoline-3-carboxylate. The new pyra-
zoline distilled at 45°/0.07 mm. (n~5 1.4527). The cyclopropane 
derivative, which constituted 73% of the original mixture of 
esters, was identified by its physical constants and by conver-
sion to 1-methylcyclopropane-1-carboxamide (m.p. 144-145°). 
The reaction sequence is outlined below. 
YH3 
+ CH3CH -c-coocH3 + N 2 
1. CH~2 
2. Separate by distillation 
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It was interesting to compare the percentage of cyclic 
isomer obtained in this experiment (73%) with that reported 
by Siegel and Bergstrom (95). They performed the separation 
of isomers by distillation through an efficient column and 
reported the presence of 70% methyl 1-methylcyclopropane-1-
carboxylate in the mixture. 
3. 3-Methyl-~1-Pyrazoline-3-Carboxamide 
TH3 
CH2-C-CONH2 + CH2N2 
IH3 
--TH2-~-CONH2 
CH2 N 
".N/ 
The addition of an ethereal solution of diazomethane to 
methacrylamide did not proceed efficiently due to the poor 
solubility of both methacrylamide and the desired product in 
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ether. Another point of difficulty was the tendency for diazo-
methane to decompose in a solution containing particles of 
undissolved solid. To overcome these difficulties the reaction 
was attempted both in chloroform-ether solution and in dimethyl-
formamide-ether solution. Use of the first solvent system gave 
an 80.6% yield of the desired pyrazoline while the second sol-
vent pair furnished the product in 75.6% yield. The crude ma.t-
erial afforded large white crystals, melting at 107.5-109°, 
when recrystallized from ethyl acetate. Snyder (100) reported 
the melting point as 109°. 
A sample of the pyrazoline was dissolved in dimethylform-
amide and decomposed by heating the solution from 90° to 150°. 
The recovery of mixed amides was 95.5% of the theoretical value. 
An exhaustive fractional crystallization of this product gave 
a 53.4% yield of pure 1-methylcyclopropane-1-carboxamide 
(m.p. 145-146°). No other pure fraction was isolated. The 
decomposition may be formulated in the manner indicated below. 
Among the theoretically possible compounds which may have been 
formed in small amounts during the decomposition are tiglic 
acid amide and 2-methylbutenamide-3. The former compound melts 
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at 75-76° (75), while 2-methylbutenamide-3 is reported to melt 
at 98° (66). 
4. 3 .4-Dimethyl-41-Pyrazoline-3-Carboxamide 
TH3 
CH3CH=C-CONH2 + CH~2 
lH3 
--CH3yH-1-CONH2 
CH2 N 
".NI" 
The addition of diazomethane to tiglic acid amide was found 
to be a relatively slow process in comparison to the reaction 
with olefinic esters. In an early attempt to prepare 3,4-dimeth-
yl-~1-pyrazoline-3-carboxamide, only the starting material was 
obtained after a contact time of twenty hours. When the reaction 
mixture was allowed to stand for nine days at room temperature, 
a 15.6% conversion to the desired product was realized while 
49.2% of the starting material was recovered unchanged. In 
this reaction, as with all other amides used, the solvent sys-
tem was a mixture of dimethylformamide and ether. 
The product was obtained as a white crystalline solid 
(m.p. 100-102°) by recrystallization from absolute ethanol. 
It decomposed with gas evolution when heated above its melting 
point. 
1 5· 3-Methyl-3-Cyano-~ -Pyrazoline 
The preparation of 3-methyl-3-cyano-~1-pyrazoline by the 
8lt 
reaction of diazomethane with methacrylonitrile has been per-
formed by Gotkis and Cloke (ltlt) and Snyder (100). 
TH3 
CH2==C-CN + CH2N2 
lH3 
-- rH:r-r-CN 
CH2 N 
"".NI' 
Gotkis and Cloke ran the reaction using excess nitrile and did 
not purify the product. Snyder, who used excess diazomethane, 
was able to isolate a 6lt.2% yield of the pure pyrazoline 
(b.p. lt-5-lt-6°/3.0 mm.). 
In the present study the cyanopyrazoline was prepared by 
allowing excess diazomethane to react with a solution of math-
acrylonitrile in ether. The yield of crude product was 96 ·7%. 
Since the main purpose of this preparation was the synthesis 
of 1-methylcyclopropane-1-carboxylic acid, no attempt was made 
to purify the intermediates. 
Decomposition of the product was effected by heating in 
an oil-bath from 100° to llto0 • At the latter temperature the 
decomposed material refluxed smoothly. A 90.lt% yield of pro-
duct, consisting mainly of 1-methylcyclopropane-1-nitrile, was 
distilled at 123-130°. A small amount of ethylenic material 
(probably 2-methylbutenenitrile) was destroyed by the addition 
of potassium permanganate using a procedure similar to that 
reported by Gotkis and Cloke (44). The yield of alkene-free 
1-methylcyclopropane-1-nitrile was 75·3%. 
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Hydrolysis of this nitrile with phosphoric acid has been 
reported to open the ring with the formation of tiglic acid 
(37). In this research, a concentrated solution of potassium 
hydroxide was employed since Schlatter (91) successfully used 
this reagent for the hydrolysis of cyclopr opaneni tr ile to 
cyclopropane carboxylic acid in 96% yield. 
Refluxing a mixture of the nitrile in 20% potassium hydrox-
ide for sixteen hours gave the crude acid which distilled at 
58-60°/0.5 mm. in 83.4% yield. The white crystalline solid 
melted at 34-35°. Kohn and Mendelewitsch reported the melting 
point as 28-31° (62). 
6. Methyl 3-Car bomethoxymethvl-A 1-Pvr azoline-3-
Carboxylate 
1H2COOCH3 
CH2==C-COOCH3 + CHZN2 
1H2COOCH3 
-• fH2-T-coocH3 
c~ /N 
N 
Diazomethane added readily to dimethyl itaconate to afford 
a 96.6% yield of the crude pyrazoline. All attempts to purify 
this material by distillation at reduced pressure led to 
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decomposition of the sample. The liquid could not be crystal-
lized at low temperatures from any of the usual solvents. 
The method finally utilized for the preparation of analyti-
cally pure methyl 3-carbomethoxymethyl-~1-pyrazoline-3-carboxy­
late was an excellent illustration of the quantitative nature 
of the addition reaction. A carefully purified sample of di-
methyl itaconate was combined with diazomethane in the usual 
manner. After twenty four hours the excess reagent and ether 
were removed at moderate temperatures after which the residue 
was dried and analyzed. Excellent analytical results for the 
desired pyrazoline were obtained. 
7· Diethyl 4-Ethoxy-~1-Pyrazoline-3,3-Dicarboxylate 
TOOC2H5 
c 2H5ocH=C-COOC2H5 + CH~2 
100C2H5 
--c2H5DfH -7-cooc~5 
c~/ 
N 
The availability of diethyl ethoxymethylenemalonate from 
a commercial source suggested the possibility of attempting the 
preparation of an alkoxy-pyrazoline-dicarboxylate. It was of 
particular interest to examine the preparation and properties 
of a pyrazoline having two ester groups at carbon atom 3 since 
these compounds reportedly decompose at somewhat lower tempera-
tures than those having only a single negative group at this 
carbon atom (11). 
A 96.2% yield of the crude pyrazoline was obtained when 
a mixture of the olefinic ester and diazomethane was allowed 
to react for forty eight hours. The product was a viscous 
liquid which could not be distilled without decomposition. 
87 
It was recrystallized in poor yield from an ether solution as 
a low melting solid when the solution was chilled in a freezing 
mixture. A second recrystallization from the same solvent gave 
the white crystalline pyrazoline (m.p. 30-31°). 
Decomposition was accomplished by heating the substance 
from 80° to 160°. The decomposition product was a liquid which 
distilled at 87-88°/0.1 mm. and solidified at low temperatures 
to a white crystalline compound (76.4%, m.p. 24-25.5°). It 
was identified as diethyl ethoxyethylidenemalonate by a com-
parison of its physical constants with those reported for this 
compound (71). The decomposition reaction may be formulated 
in the manner shown below. 
It should be noted that the isolation of an a,~-unsaturated 
ester as the sole decomposition product of a pyrazoline with 
two negative groups at carbon atom 3 is in agreement with the 
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findings of von Auwers and K6nig (11) and Young, Andrews, Lin-
denbaum, and Cristol (108) which are discussed in detail on 
page 57. 
8. Dietbyl 4-EthoX¥-A2-Pyrazoline-5.5-DicarboX¥late 
When an attempt was made to purity a sample of diethyl 
4-ethoxy-~1-pyrazoline-3,3-dicarboxylate which had been stored 
in the refrigerator for six months by recrystallization from 
ether, no pure material could be obtained. Chromatography of 
the substance on alumina separated it into two white crystal-
line solids; the first one eluted in ?0.8% yield using petro-
leum ether, while the second product was obtained in 8.4% yield 
by elution with absolute ethanol. 
The petroleum ether-soluble constituent melted at 51.5-
52.50 and gave a satisfactory analysis for diethyl 4-ethoxy-
~2-pyrazoline-5,5-dicarboxylate. 
This compound was clearly distinguished from the ~1-isomer 
previously discussed, by the presence of the characteristic 
N-H absorption in the infra-red spectrum at 3 microns. 
In a separate experiment to determine whether passage of 
a 61-pyrazo1ine through an alumina column would effect tauto-
merization to the 62-pyrazoline, it was demonstrated that 3-meth-
yl-61-pyrazoline-3-carboxamide was recovered unchanged after 
passage through a column similar to that used to effect the 
separation described above. 
The compound eluted with ethanol was recrystallized from 
this solvent to afford a white crystalline product melting at 
160-161°. Analysis indicated that it was the ethyl ester of 
a pyrazole carboxylate. When this product was compared with 
an authentic sample of ethyl pyrazole-3-carboxylate (XXXVIII) 
The compounds were found to be identical. 
(XXXVIII) 
A possible mechanism to explain the formation of this compound 
is presented below. It should be emphasized, however, that 
there is no proof for this proposed reaction path. 
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The sample of ethyl pyrazole-3-carboxylate required for 
comparison was prepared in a manner which has been previously 
reported (8). Diazomethane was combined with ethyl acrylate 
to give a 99.4% yield of ethyl ~2-pyrazoline-3-carboxylate. 
Oxidation of this pyrazoline with bromine gave an 89% yield 
of crude pyrazole which was obtained in the pure form 
(m.p. 160-161°) by recrystallization from methanol. 
C. Preparation and Decomposition of the Pyrazolines 
Having Unsaturation in Substituent Groups 
1. Introduction 
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As a preliminary step in the preparation of the pyrazoline 
with unsaturation in substituent groups, a series of experiments 
was performed to substantiate the theory that diazomethane would 
not add to non-activated double bonds under the usual conditions 
of the reaction. The "usual conditions" were considered to be 
those of a reaction performed at room temperature or below, 
under atmospheric pressure, and in a suitable inert solvent. 
It should be noted that diazomethane has been reported to add 
under these conditions to both butadiene (74) and ethylene (81) 
(15) despite the fact that neither of these compounds possess 
activating groups. 
In this study it was discovered that vinyl benzoate, !so-
propenyl acetate, and vinyl acetate failed to add diazomethane 
even after prolonged contact time. It was expected, therefore, 
that selective addition of the reagent to the activated double 
bond in a diolefin containing both activated and non-activated 
centers of unsaturation could be achieved in spite of the anom-
alous behaviour of butadiene and ethylene cited above. 
The successful synthesis of pyrazolines containing an 
unsaturated substituent group by the addition of one equivalent 
of diazomethane to the diolefins, vinyl methacrylate, vinyl 
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crotonate, allyl methacrylate, and methyl a-allylcinnamate was 
accomplished and will be discussed on the following pages. 
Decomposition data obtained will be considered at the same time. 
2. Vinyl 3-Methyl-A1-Pyrazoline-3-Carboxylate 
Synthesis of vinyl 3-methyl-61-pyrazoline-3-carboxylate 
was achieved in 90.8% yield by the addition of diazomethane to 
vinyl methacrylate. 
TH3 TH3 
CH2=C-COOCH=CH2 + CH;!2 --CH -C-COOCH=CH I 2 I 2 
CH2 N 
"\N/ 
The pure pyrazoline was a colorless liquid which distilled 
without decomposition at 58-59°/l.O mm. On standing in air 
it slowly turned yellow. 
A controlled decomposition of this product was accomplished 
by heating the liquid from 83° to l4o0 in an oil-bath. Distil-
lation of the decomposed material gave a 95.4% yield of color-
less liquid (b.p. 120-135°). When diazomethane was added to 
this mixture of cyclic and unsaturated esters, in accordance 
with the procedure described earlier for decomposed methyl 
3-methyl-61-pyrazoline-3-carboxylate (p. 79), a 51% yield of 
vinyl 1-methylcyclopropane-1-carboxylate was isolated. This 
new compound, which distilled at 132-133°, was identified by 
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conversion to 1-methylcyclopropane-1-carboxamide. 
The high-boiling fraction, recovered by distillation of 
the material which had been treated with diazomethane, proved 
to be vinyl 3,4-dimethyl-~1-pyrazoline-3-carboxylate (b.p. 63-
640/0.7 mm.). The decomposition reactions are formulated below. 
1. CH~2 
2. Separate by distillation 
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3. Allyl 3-Methyl-~1-Pyrazoline-3-Carboxylate 
Diazomethane added rapidly to allyl methacrylate giving an 
89. 5'% yield of allyl 3-methyl-~1-pyrazoline-3-carboxylate. This 
compound distilled at 62°/0.35' mm. and, unlike the vinyl ester, 
remained colorless when stored. 
y~ ~~ 
CH2-C-COOCH2CH=cH2 + CH2N2 -- fHry-COOCH2CH=CH2 
CH2 N 
"-N/ 
Ammonolysis of the pyrazoline ester gave 3-methyl-~1-pyrazoline-
3-carboxamide which was identified by its melting point (108-
1090) and mixed melting point with an authentic sample. 
Decomposition of allyl 3-methyl-~1-pyrazoline-3-carboxylate 
occurred within the temperature range of 118° to 170°. An 87.5'% 
yield of colorless liquid was recovered by distillation of the 
decomposition mixture. 
The mixed esters were treated with excess diazomethane and 
fractionally distilled. Two compounds were obtained; the first 
distilling at room temperature under reduced pressure, while the 
second was collected at 80-100°/0.3-1.5' mm. The low-boiling 
fraction was redistilled at atmospheric pressure (b.p. 147-149°) 
to give a nitrogen-free compound assigned the structure of allyl 
1-methylcyclopropane-1-carboxylate on the basis of its analysis 
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and failure to react with diazomethane. The amount of cyclic 
ester obtained corresponded to 56% of the sample of mixed esters 
treated with diazomethane which indicated that decomposition 
of this pyrazoline gave at least 56% of the cyclic product. 
Redistillation of the high-boiling fraction gave pure 
allyl 3,4-dimethyl-~1-pyrazoline-3-carboxylate (b.p. 84.5°/ 
0.10 mm.). A sample of this material decomposed vigorously 
when heated. 
An outline of the overall decomposition process is shown 
below. 
1. CH2N2 
2. Separate by distillation 
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4. Vinyl 4-Methyl-~2-Pyrazoline-3-Carboxylate 
A freshly distilled solution of vinyl crotonate in ether 
combined with diazomethane to afford a 98.3% (crude) yield of 
vinyl 4-methyl-~2-pyrazoline-3-carboxylate. 
One recrystallization from ether at low temperature, followed 
by a final recrystallization from petroleum ether gave a pure 
sample of the pyrazoline, obtained as a white crystalline solid 
which melted at 58-59°. An attempt to effect the purification 
of this pyrazoline by distillation resulted in the loss of 
approximately two-thirds of the material due to decomposition 
and resinification of the sample. The remaining material dis-
tilled slowly as a viscous, light yellow liquid (b.p. 107-108.5°/ 
0.80 mm.). The distillate solidified in the receiver to a 
light yellow substance which also melted at 58-59° after re-
crystallization from ether. 
No attempt was made to determine the products of the 
decomposition of vinyl 4-methyl-~2-pyrazoline-3-carboxylate 
since, in a preliminary experiment, the compound polymerized 
to a viscous black mass when heated. 
5. Methyl a-Allylcinnamate and Methyl 4-Phenyl-
5-Allyl-~2-Pyrazoline-5-Carboxylate 
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The only product isolated after allowing a-allylcinnamic 
acid to stand in contact with excess diazomethane for fifteen 
hours consisted of a 76.5% yield of methyl a-allylcinnamate 
(b.p. 80.5-81.5°/0.15 mm.). 
+ 
CH2CH==CH2 
CH==b-coocH3 0 
The identity of the ester was confirmed by hydrolysis to 
a-allylcinnamic acid in 88.2% yield. 
When the contact time was increased to thirty six days, 
a mixture was obtained which consisted mainly of methyl a-allyl-
cinnamate. On distillation, however, a small amount of high-
boiling liquid was collected at 116°/0.25 mm. After standing 
at room temperature for a short time it solidified to a white 
crystalline product. This material was recrystallized from 
petroleum ether as white needles which melted at 63.5-64°. 
Analysis and infra-red data indicated that it was methyl 4-phen-
yl-5-allyl-~2-pyrazoline-5-carboxylate. Whether tautomerization 
to the ~2-isomer occurred on standing or during the distillation 
was not determined. The first possibility seemed more likely 
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since similar tautomerization was observed when a solution of 
diethyl 4-ethoxy-61-pyrazoline-3,3-dicarboxylate was allowed 
to stand in the refrigerator for several months (p. 88). 
The isolation of both methyl 4-phenyl-5-allyl-62-pyrazo-
line-5-carboxylate and diethyl 4-ethoxy-62-pyrazoline-5,5-di-
carboxylate as the hydrazone tautomers after long standing was 
not surprising in view of the ease with which the azo form of 
the pyrazoline rearranges to the more stable hydrazone struc-
ture. This subject is treated in more detail on page 22. 
The reactions to form the observed product are to be found 
below. 
D. ?reparation and Decomposition of the Dipyrazolines 
1. N,N'-Methylene-bis-{3-Methyl-~1-Pyrazoline-3-
Carboxamide) 
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The preparation of crude N,N'-methylene-bis-{3-methyl-~1-
pyrazoline-3-carboxamide) was accomplished in quantitative 
yield by treating a solution of methylenebismethacrylamide in 
dimethylformamide with excess ethereal diazomethane. 
2 
Purification of a sample for analysis however, presented dif-
ficulty. In an effort to obtain a specimen having a sharp 
melting point, the material was repeatedly recrystallized from 
a variety of solvents. This treatment apparently resulted in 
degradation of the compound since the recrystallized materials 
gave inconsistent melting point data. A pure sample (m.p. 156.5-
158.50) was finally obtained by recrystallizing a freshly pre-
pared sample once from ethylene chloride and twice from ethyl 
acetate. 
When subjected to thermal decomposition, the compound 
evolved nitrogen briskly in the temperature range of 160° to 
100 
180°, fUrnishing a white solid product in 92.3% yield. No 
pure fraction could be isolated from this mixture. If the 
decomposition proceeded in a manner analogous to that of simi-
lar compounds a mixture containing at least the three bis-
amides formulated below would be expected. 
TH3 IH3 
CH3CH==C-CONHCH~HOC-C"---~--CH2 
CH2 
2. N.N 1-Ethylene-bis-<3-Methyl-A1-Pyrazoline-3-
Carboxamide) 
A quantitative yield of crude N,N 1-ethylene-bis-(3-methyl-
A1-pyrazoline-3-carboxamide) was obtained when ethylenebismeth-
acrylamide was allowed to react with excess diazomethane in 
dimethylformamide-ether solution. An analytically pure sample 
of the product melted at 1~9-150°. 
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1H3 
(CH2 ==C-CONHCH2-) 2 + 
2 
Decomposition of the material, first noted at temperatures 
just above the melting point, became very vigorous at 164°. 
At the latter temperature the material decomposed explosively. 
A sample decomposed by prolonged refluxing in dimethylformamide 
furnished a 94.2% yield of white solid product. Although the 
substance could be obtained in a nicely crystalline condition 
by recrystallization from ethyl acetate, it did not furnish a 
satisfactory analysis. The products probably present in the 
mixture were homologs of the methylene-bis-amides discussed in 
the preceding pages. 
y~ y~ 
C~ ~C-CONHCH2CH~HOC-C"---~--CH2 
CH2 CH2 
f~ f~ 
CH3CH==C-CONHCH2CH~HOC-C"-----~CH2 
CH2 
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3. Addition of Diazomethane to 2-Methacrylamidoethyl 
Methacrylate 
Diazomethane reacted with 2-methacrylamidoethyl methacryl-
ate to give a 96.9% yield of liquid product which was presumably 
the dipyrazoline. A sample purified by passage through alumina 
and recrystallization from ethyl acetate-ether at dry ice-ace-
tone temperatures was obtained as a colorless liquid which did 
not, however, furnish a satisfactory analysis. 
The crude product decomposed with nitrogen evolution at 
90° to 150°, yielding a liquid residue which distilled at 
115-116°/0.10 mm. This product was not further investigated. 
4. Ethylene-bis-(3-Methyl-~1-Pyrazoline-3-Carboxylate) 
The reaction of ethylenedimethacrylate with diazomethane 
gave a 98% yield of crude ethylene-bis-(3-methyl-~1-pyrazoline-
3-carboxylate). 
yH3 
(CH2=C-COOCH2-) 2 + 2CH;!2 --
2 
Several attempts to distill the compound at reduced pressure 
were unsuccessful since the dipyrazoline decomposed at 80°. 
Purification of the material was finally effected by passage 
through an alumina column. The analytically pure compound 
was a colorless, viscous liquid. 
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It was decomposed by heating from 80° to 164°. A quanti-
tative yield of decomposed product was obtained which, on dis-
tillation, gave a major fraction (85.7%) distilling at 73-74°/ 
0.05 mm. 
Bromination of the distillate gave a mixture of products 
from which was obtained a 21.8% yield of ethylene-bis-(1-methyl-
cyclopropane-1-carboxylate), which distilled at 64-65.5°/0.02 mm., 
and a 53-2% yield of a white crystalline compound (m.p. 41-43°) 
tentatively identified as the mixed ethylene glycol ester of 
1-methylcyclopropane-1-carboxylic acid and tiglic acid dibro-
mide. It is highly probable that a small amount of high-boil-
ing material obtained was the tetrabromo derivative of ethyl-
eneditiglate. The evidence for the identity of ethylene-bis-
(1-methylcyclopropane-1-carboxylate) consisted of a correct 
elementary analysis, failure of the compound to react with 
bromine or potassium permanganate, and saponification to an 
acid identified as 1-methylcyclopropane-1-carboxylic acid. 
The decomposition and bromination reactions may be represented 
by the following outline. 
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IH3 TH3 
1H~ ~-COOCH2CH2ooc-r --yH2 
CH2 N N CH2 "N~" "N/ 
l" 
1. Br 2 
2. Separate by distillation 
IH3 TH3 
C~---~C-COOCH2CH2ooc-c"-~-CH2 
CH2 CH2 
+ 
TH3 TH3 
+ (?) CH3CH- C -COOCH2CH200C-C -CHCH3 I I I I 
Br Br Br Br 
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When the distilled decomposition mixture was hydrolysed 
with aqueous, ethanolic potassium hydroxide a quantitative 
yield of mixed acids was obtained. Bromination of the mix-
ture followed by fractional distillation of the product gave 
pure samples of 1-methylcyclopropane-1-carboxylic acid and 
tiglic acid dibromide. The identity of both acids was con-
firmed by comparison with authentic samples. The yield of 
pure cyclic acid was 26% of the weight of mixed acids taken 
for bromination. An outline of this process is given below. 
CH3 I 
CH-C-COOCH 
"'{ / 2 
CH2 
1. KOH, HOH, c~5oH 
2. H+ 
3. Br 2 
4. Separate by distillation 
CH3 I 
CH3CH- C-COOH I I 
Br Br 
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E. Reaction of Methanol with Vinyl Benzoate 
When a solution of vinyl benzoate in ether was treated 
with an ethereal solution of diazomethane, no reaction was 
observed after five days and a 76% recovery of the vinyl ben-
zoate was realized. When the reaction was attempted using 
both methanol and ether as solvents, a large excess of diazo-
methane was consumed. The only product isolated proved to be 
methyl benzoate contaminated with small amounts of unreacted 
vinyl benzoate. It was thought that the appearance of methyl 
benzoate could be explained if a transesterification had 
occurred in the manner shown below. 
Since diazomethane is known to react with acetaldehyde to 
form acetone (39) the consumption of diazomethane observed 
could be accounted for. 
A search of the literature revealed that other workers 
have observed similar reactions. In 1955 Bredereck, Sieber, 
and Kamphenkel (28) reported the rather general reaction, 
shown below, in which diazomethane acts as a transesterifica-
tion catalyst. 
R 1COOR II + ROH R 11 0H + R 1COOR 
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When a mixture of an ester, diethyl ether, and methanol was 
allowed to stand in the presence of diazomethane a 70-100% 
conversion to the methyl ester was observed. In the case 
under consideration, the yield of methyl benzoate should be 
virtually quantitative since one of the products of the equi-
librium, acetaldehyde, was continuously removed by reaction 
with diazomethane. 
F. A Comparison of the Reactivity of the Compounds 
Investigated with Respect to the Addition of Diazo-
methane 
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An attempt will be made in this section to estimate, on 
a qualitative basis, the relative tendency for the compounds 
investigated to add diazomethane. 
The unsaturated esters, methyl methacrylate, isopropyl 
methacrylate, methyl tiglate, and dimethyl itaconate, reacted 
completely with diazomethane within a few hours. Methacrylo-
nitrile behaved in a similar fashion. 
Diolefinic esters, including vinyl methacrylate, vinyl 
tiglate, allyl methacrylate, allyl tiglate, and vinyl croton-
ate, which possess one activated double bond, reacted with 
diazomethane at essentially the same rate as the mono-olefins 
considered above. 
Addition of diazomethane to methacrylamide was much slower 
than the reaction with methyl methacrylate while tiglic acid 
amide was only partially converted to the pyrazoline after 
nine days. 
The starting materials used for the preparation of the 
dipyrazolines, as might be expected, behaved in much the same 
manner as the mono-ole fins of similar structure. Ethylenedi-
methacrylate reacted with diazomethane about as rapidly as 
methyl methacrylate, while the bis-amides were similar in 
reactivity to methacrylamide. 
109 
Compounds which failed to add diazomethane when combined 
with ethereal solutions of this reagent for extended periods 
of time may be, somewhat arbitrarily, divided into two cate-
gories: compounds without suitable activating groups, and 
olefinic esters having two substituents on the ~-carbon atom. 
The first group has been discussed to some extent in 
the section of this work dealing with the formation of unsat-
urated pyrazolines (p. 91). This group, consisting of vinyl 
benzoate, vinyl acetate, and isopropenyl acetate, did not add 
diazomethane, presumably because of the absence of a suitable 
electrophilic center which is found in compounds known to re-
act. For example, with compounds such as methyl methacrylate 
a contributing resonance structure may be written which places 
a positive charge on the ~-carbon atom; while with vinyl ace-
tate the most probable resonance structure involving the double 
bond places a negative charge on the terminal carbon atom. 
If we consider that diazomethane reacts by a nucleophilic 
attack upon a positive carbon atom as postulated by Young 
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and coworkers (108) (see p. 42-43) both the ease of addition 
to methacrylic esters and the failure of addition to vinyl 
esters are understandable. 
a,~-Olefinic esters having two substituents on the ~-car­
bon atom which failed to react with diazomethane included 
diethyl terraconate (XXXIX), dimethyl tetramethylfulgenate 
(XL), and n-butyl-3,5-dimethyl sorbate (XLI). A table stating 
the reaction times and conditions employed may be found on 
page 187. 
CH2cooc~5 CH I 
3'c =c-cooc _H CH / z-5 
3 
(XXXIX) 
GOOCH 
GH I 3 GH 3~=G-G=G/ 3 
cH / 1 'GH 
3 GOOCH 3 3 
(XL) 
GH 
GH I 3 
3'G=GH-G =GHGOOC~.H GH/ ..,. 9 
3 
(XLI) 
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A list of a,~-unsaturated esters which did not react with 
diazomethane was reported by von Auwers and K~nig (10). These 
compounds were ethyl ~-chlorocrotonate (XLII), ethyl ~,~-di­
methacrylate (XLIII), and ethyl ~-ethoxycrotonate (XLIV). 
CH 3~c =CHCOOC ~5 Cl 
(XLII) 
(XLIII) 
(XLIV) 
The failure of compounds XXXIX, XL, XLI, and XLIII to react 
could be attributed to a diminution of the positive charge 
on the ~-carbon atom due to hyperconjugative effects, while 
with ethyl ~-chlorocrotonate and ethyl ~-ethoxycrotonate, 
resonance interaction would tend to place a positive charge 
on the chlorine and oxygen atoms indicated below rather than 
on the ~-carbon atom. 
0 
CH II 
3'c=CH-C-OC 2H5 cr 
oe 
CH3 I 
'c-CH=C-OC 2H5 Ell Cl~ 
oe 
CH I 
3'c-cH=C-OC H CHO~ 2 5 
2 5e 
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If this were true, the reaction might be induced to proceed 
if the electronegativity of the negative group was increased. 
The observation by Adamson and Kenner (2) that both diazometh-
ane and diazoethane will add to mesityl oxide seems to sub-
stantiate this hypothesis since the reason for the success 
of these reactions could well be the greater carbonyl reacti-
vity of the ketone as compared with the esters. 
CH 
3'c=CHCOCH 
CH A 3 
3 
CH<-. _ 
~ "'{; --C-COCH
3 CH /1 II 
3 CH N ~/ N 
I 
H 
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The compound, diethyl ethoxymethylenemalonate, reacted 
rapidly with diazomethane despite the electron-releasing 
nature of the ethoxy group. The latter effect was probably 
more than compensated for by the presence of two carbethoxy 
groups. 
In the case of a-allylcinnamic acid a very slow addition 
was observed. After thirty six days only a low percentage 
conversion to the pyrazoline was realized. The closely anal-
ogous compound, a-methylcinnamic acid, behaved in much the 
same manner according to von Auwers and Cauer {8). They re-
ported an unspecified yield of the pyrazoline after a reaction 
period of two weeks. Again, assuming an ionic mechanism for 
the addition reaction, these data may be attributed to the 
deactivating effect caused by resonance interaction of the 
aromatic nucleus with the olefin linkage (88). 
The failure of angelic acid to form a pyrazoline should 
be the subject of fUrther study. The limited amounts of start-
ing material available did not permit fUrther investigation. 
The possibility exists that the failure to react is attribut-
able in some way to the configuration of the molecule since 
tiglic acid forms the pyrazoline adduct with ease. 
CH3-c-H II CH3-C-COOH 
tiglic acid angelic acid 
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G. Infra-red Studies 
No data have yet been published dealing with the infra-
red spectra of pyrazolines. In fact, there have been no defin-
ite assignments of the frequencies for N==N and C==N absorp-
tions in the infra-red region for heterocyclic systems (67) 
(20). 
During the course of this investigation the infra-red 
spectra of many of the new pyrazolines were determined. 
Although no exhaustive study was made in this field, it was 
noted that a reliable distinction could be made between ~1-
and ~2-pyrazolines by an examination of the 3.0 micron region. 
It will be noted in Table X that with the exception of the 
pyrazoline amides, no N--H absorption in the 3.0 micron region 
was found for the compounds assigned the ~1-structure while 
all of the ~2-pyrazolines examined showed a medium to strong 
absorption in the 2.99 to 3.0~ micron region. According to 
Bellamy (21) the N--H stretching vibration is located at 2.85-
3.03 microns. 
TABLE X 
Infra-red Absorption of Pyrazolines 
in the 3.0 Micron Region 
Location of 
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Compound Absorption in Intensity 
3)'Region 
methyl ~2-pyrazoline-3-carboxylate* 2.99 medium 
methyl 3-methyl-~1-pyrazoline-3-
carboxylate 
n-propyl 3-methyl-~1-pyrazoline-3-
carboxyla te ** 
vinyl 3-methyl-~1-pyrazoline-3-carboxylate 
allyl 3-methyl-~1-pyrazoline-3-carboxylate 
ethyl 4-phenyl-~2-pyrazoline-3-carboxylate** 3.04 
methyl 4-phenyl-5-allyl-~2-pyrazoline-3-
carboxylate 3.01 
diethyl 4-ethoxy-~1-pyrazoline-3,3-
dicarboxylate 
diethyl 4-ethoxy-~2-pyrazoline-5,5-
diearboxylate 3.04 
3-methyl-~1-pyrazoline-3-earboxamide 3.00 
methylene-bis-(3-methyl-~1-pyrazoline-3-
earboxamide) 3.04 
medium 
medium 
medium 
strong 
strong 
* Infra-red analysis performed at the laboratories of 
the Armstrong Cork Company. 
** Prepared by H.R. Snyder, these laboratories. 
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E. Summary of the Decomposition Data 
All of the compounds tested, with the exception of vinyl 
crotonate, decomposed smoothly to eive hieh yields of compounds 
differing from the parent 
equivalents of nitrogen. 
pyrazoline by the loss of one or two 
1.4 • '"•tllyl · A"· P'i nnoli,.t. · J · u.-o,.y lotf'e. 
Vinyl c' mtM, the only L'1 2-pyrazo-
line examined, was converted to a viscous black mass on heating. 
Distillation of the crude decomposition mixtures gave, in 
some cases, small amounts of high-boiling material which con-
tained nitrogen and vrere presumably pyrazoles resulting froll' 
the oxidation of the parent pyrazoline. 
The decomposition reaction itself is a very exotherrdc 
process; a fact whtch necessitates the use of caution in keep-
ing the reaction under control. In some cases an over-violent 
reaction could be moderated by using ice-bath cooling. 
Among the pyrazolines examined which gave 50% or more of 
1 the cyclic product on decomposition \vere: methyl 3-methyl-L'I--
p0Tazoline-3-carboxylate, 3-cyano-3-methyl-l\1-pJTazoline, 3-meth-
yl-l\1-pyrazoline-3-carboxamide, vinyl 3-methyl-l\1-pyrazoline-3-
carboxyla te, and allyl 3-methyl-i:. 1-pyrazol:ine-3-carboxylate. 
1 The dipyrazoline, ethylene-bis-(3-methyl-L'I--pyrazoline-3-
carboxylate) afforded a considerable amount of the dicycl:ic 
der iva ti ve, ethylene-bis- (1-methylcyclopr opane-1-car box0,la te) 
in addition to the mixed cyclic-unsaturated compound. 
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Decomposition of diethyl 4-ethoxy-61-pyrazoline-3,3-
dicarboxylate yielded only the a,p-unsaturated ester, diethyl 
ethoxyethylidenemalonate. 
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IV. EXPERIMENTAL SECTION 
General Information 
All elementary analyses were performed by Dr. Carol Fitz, 
115 Lexington Avenue, Needham Heights 9~, Massachusetts. 
The melting points and boiling points are uncorrected 
unless otherwise specified. 
Infra-red spectra were determined in part on a Perkin-
Elmer Model 12C recording infra-red spectrophotometer and in 
part on a Perkin-Elmer Model 21 double-beam recording infra-
red spectrophotometer. 
The author wishes to thank Kay-Fries Chemicals, Inc. for 
a generous sample of diethyl ethoxymethylenemalonate and the 
Carbide and Carbon Chemicals Company for samples of vinyl 
crotonate. 
A. Preparation of the Necessary Intermediates 
1. Preparation of Nitrosomethylurea 
CH37CONH2 + H20 
NO 
The procedure followed was essentially that described 
by Arndt (26). 
H9 
Into a two liter round-bottomed flask was placed 373 grams 
(3.0 moles) of 25% aqueous methylamine solution (Matheson Cole-
man and Bell #5260). Concentrated hydrochloric acid was added 
to the methyl red endpoint; about 275 ml. of acid was used. 
Water (200 grams) was added to bring the total weight to about 
1000 grams. Six hundred grams of urea (10 moles) (Baker, U.S.P.) 
was added and the resulting solution refluxed gently for six 
hours and vigorously for thirty minutes. Two hundred and thir-
teen grams (3.0 moles) of 97% sodium nitrite (Merck- Reagent 
Grade) was added and the solution cooled to 0° in an ice-salt 
bath. A mixture of 1200 grams of crushed ice and 200 grams 
(2.0 moles) of concentrated sulfuric acid was placed in a five 
liter round-bottomed flask equipped with a stirrer, thermometer, 
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and dropping funnel designed to deliver the solution below the 
surface of the reaction mixture. The cold methylurea-nitrite 
solution was added at a rate slow enough to keep the tempera-
ture at 0-5°. The product was recovered by suction filtration 
and washed by trituration with 100 ml. of cold water. It was 
then made as dry as possible by suction and transferred to a 
vacuum desiccator charged with calcium chloride. The desicca-
tor was stored in the refrigerator until the product was dry. 
Yields varied from 200-240 grams. The theoretical yield is 
309 grams. 
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2. Preparation of Diazomethane 
Ether solutions of diazomethane were prepared as needed 
by a procedure essentially the same as that reported by F. 
Arndt (24). 
A mixture of 300 ml. of ether and 150 ml. of 4o% potassium 
hydroxide solution was placed in a one liter wide-mouthed Erlen-
meyer flask and cooled to 0-5° in an ice-bath. Nitrosomethylurea 
(41.2 grams, o.4o mole) was added in small portions with swirl-
ing over a period of thirty minutes. The ether solution con-
taining the diazomethane was decanted into a 500 ml. round-bot-
tomed flask and distilled directly into the cold solution of 
unsaturated compound. The exit gases from the receiver were 
passed into a tube which dipped below the surface of 30 ml. of 
ether contained in a 50 ml. standard taper test tube. All dis-
tillate solutions were surrounded by ice-baths. 
Arndt reports a yield of 2.8 grams of diazomethane from 
10 grams of nitrosomethylurea by this procedure before distil-
lation. On the basis of these data the yield of undistilled 
diazomethane obtained in the above experiment would be about 
11.5 grams (0.28 mole). Distillation further reduces the yield 
to 8-9 grams (0.19-0.21 mole). 
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Excess quantities of diazomethane obtained throughout the 
experimental work by distillation of solutions of newly-formed 
pyrazolines were used up by reaction with an excess of one of 
the a,~-unsaturated esters used in this research. Workup of 
these solutions from time to time afforded additional amounts 
of the several pyrazolines. 
B. Preparation and Decomposition of the Substituted 
Pyr azolines 
1. Isopropyl 3-Methyl-61-Pyrazoline-3-Carboxylate 
a. Preparation of Isopropyl Methacrylate 
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1H3 
Pyridine"" CH C-COOCH(CH ) + HCl Cu 2 3 2 
Into a three-necked 500 m1. flask equipped with a stirrer, 
thermometer, and reflux condenser was placed 100 ml. of anhy-
drous pyridine, 0.50 gram of powdered copper, and 30.05 grams 
(0.500 mole) of freshly distilled anhydrous isopropyl alcohol 
(b.p. 81.5-82°). Methacrylyl chloride (52.27 grams, 0.500 mole) 
was added in dropwise fashion to the stirred solution of alco-
hol. The temperature was maintained at 0-5° with ice-bath cool-
ing. After the addition was completed the solution was refluxed 
gently for two hours, cooled to room temperature, and poured 
into a solution of 70 m1. of concentrated hydrochloric acid in 
1000 ml. of water. The upper layer was separated and the aque-
ous solution was extracted with three 150-ml. portions of ether. 
The combined ether extracts were dried for twelve hours over 
magnesium sulfate and filtered by gravity. Hydroquinone (0.50 
gram) was added to the filtrate which was heated on a steam-bath 
to distill the ether. The residual yellow liquid was distilled 
at reduced pressure (water aspirator) to give 26.10 grams (40.7%) 
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of clear, colorless isopropyl methacrylate distilling at 39-4o0/ 
33 mm. (n~5 1.4100). The reported boiling point is 126.0-
126.30/744 mm. (n~0 1.4122) (36). 
1H3 
b. freparation of Isopropyl 3-Methyl-41-
Pyrazoline-3-Carboxylate 
~H3 
CH2 C-COOCH(CH3)2 + CHZN2 ---,. yH2-~-COOCH(CH3 ) 2 
CH2 N 
".N/ 
A solution of 26.10 grams (0.204 mole) of freshly distilled 
isopropyl methacrylate in 100 ml. of ether was placed in a one 
liter Erlenmeyer flask. The contents of the flask were kept 
at 0° in an ice-bath while an ethereal solution of diazomethane, 
prepared from 41.2 grams (0.4o mole) of nitrosomethylurea, was 
added by distillation. After two days in the refrigerator the 
excess diazomethane and ether were removed by distillation on 
a 40-45° water-bath. Distillation of the residual oil at re-
duced pressure gave 29.60 grams (85.3%) of clear, colorless 
product distilling at 73-74°/2.0 mm. (n~4 1.4422). 
Calculated for c8H14oZN2 
Found 
!..Q 
56.45 
56.3 
!.l! 
8.29 
8.1 
u 
16.46 
16.3 
2. Methyl 3-Methyl-~1-Pyrazoline-3-Carboxylate 
a. Preparation of Methyl 3-Methyl-~1-
Pyrazoline-3-Carboxylate 
+ 
YH3 
-- ~H2-~-COOCH3 
CH2 N "N~ 
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A solution of 50.0 grams (0.50 mole) of methyl methacrylate 
(Matheson Coleman and Bell, Inc.) in 125 ml. of ether was placed 
in a one liter Erlenmeyer flask and the contents cooled to 0° in 
an ice-bath. An ethereal solution of diazomethane, prepared 
from 123.6 grams (1.20 moles) of nitrosomethylurea, was added by 
distillation from a 40-50° water-bath. The initial increments 
of diazomethane reacted immediately as evidenced by the disap-
pearance of the yellow color. After twenty four hours in the 
refrigerator, the excess diazomethane and ether were removed 
by water-bath (40-50°) distillation. Final traces of ether were 
removed under diminished pressure (water aspirator) leaving 
71.0 grams (100%) of light yellow liquid. This material was 
distilled at reduced pressure using a small distillation appara-
tus containing a 10 em. vacuum-jacketed Vigreux column. A 68.1 
gram (96%) portion distilling at 52-54°/0.5 mm. was collected 
(n~5 1.4520). The reported (100) constants are 45-46°/l.O mm. 
24 (nD 1.4535). 
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b. First Decomposition of the Pyrazoline 
(i) Decomposition of Methyl 3-Methyl-~1-
Pyrazoline-3-Carboxylate and Hydrolysis 
of the Decomposed Product 
TH3 
and CH3CH==C-COOCH3 
TH3 
and cH3cH~C-COOCH3 
1. C2H50H, 
KOH, H20 
2. HCl 
TH3 
CH2-C-COOH + ~/ 
CH2 
.. 
Freshly distilled methyl 3-methyl-~1-pyrazoline-3-carboxy­
late (15.00 grams, 0.105 mole) was placed in a 100 ml. round-
bottomed flask equipped with a reflux condenser. The contents 
were heated in an oil-bath from 90-120° over a two hour period. 
At the end of this time nitrogen evolution had ceased. 
A mixture of 8.50 grams (0.151 mole) of potassium hydrox-
ide, 50 ml. of ethanol, and 25 ml. of water was added to the 
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flask and the resulting solution was refluxed for four hours. 
Alcohols were removed by distillation to a vapor temperature 
of 100°. The alkaline solution was next extracted with two 25-
ml. portions of ether to remove unreacted ester. Distillation 
of the ether on a 50-60° water-bath left no weighable residue. 
The aqueous solution was cooled to 0° in an ice-bath and acidi-
fied to pH 2 (Hydrion paper) with concentrated hydrochloric acid. 
A second liquid phase separated from the acid solution. Extrac-
tion with four 25-ml. portions of ether removed the organic acids. 
The ether solution was dried for twelve hours over magnesium sul-
fate; the drying agent removed by filtration; and the ether dis-
tilled from the filtrate on a 40-50° water-bath. The clear, 
faintly yellow solution of mixed acids weighed 7.80 grams (87.7%). 
(ii) Bromination of the Hydrolysis Mixture 
TH3 
CH3CH=C-COOH + Br 2 
yH3 
--CH3yH- y-COOH 
Br Br 
A solution of 7.39 grams (0.0738 mole) of the mixed acids 
in 25 ml. of carbon tetrachloride was placed in a 250 ml. Erlen-
meyer flask and the contents cooled to 0° in an ice-bath. A 
solution of bromine (11.80 grams, 0.0738 mole) in 25 ml. of car-
bon tetrachloride was added and the mixture was allowed to stand 
for four hours. It was then removed from the ice-bath and left 
at room temperature for fifteen hours. Evaporation of the 
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solvent and excess bromine in a current of air left a pale yel-
low liquid weighing 11.07 grams. Distillation of this material 
using a small one-piece distilling apparatus gave 4.27 grams of 
colorless liquid (b.p. 42°/0.4 mm.) which solidified to a white 
substance (A) in the receiver. A second portion started to dis-
till at 87°/0.20 mm. but solidified in the condenser, necessitat-
ing interruption of the distillation. The material was rinsed 
from the condenser with acetone and the acetone solution evap-
orated to dryness in air. A white solid residue remained which 
weighed 3.23 grams (B). 
One recrystallization of (A) from petroleum ether (b.p. 30-
600) gave an excellent yield of shiny white plates melting at 
35-36°. A mixed melting point with authentic 1-methylcyclopro-
pane-1-carboxylic acid showed no depression. The preparation of 
the latter compound by hydrolysis of 1-methylcyclopropane-1-
ni tr ile is described on page I 4- 4- . 
Fraction (B) was crystallized from petroleum ether (b.p. 30-
600) using a dry ice-acetone mixture for cooling. The white 
crystalline product obtained melted at 82-85°. A mixture of 
this substance with authentic tiglic acid dibromide melted at 
83-85°. The authentic acid was prepared by the bromination of 
tiglic acid according to the procedure of Buckles and Mock (33). 
The amount of 1-methylcyclopropane-1-carboxylic acid iso-
lated (4.27 grams) constituted 58% of the 7·39 gram sample of 
mixed acids taken for bromination. By difference, the amount 
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of the unsaturated component, tiglic acid, present in the mix-
ture was 42%. 
c. Second Decomposition of the Pyrazoline 
fH3 
and CH3CH==C-COOCH3 
A 20.00 gram sample (0.141 mole) of freshly distilled meth-
yl 3-methyl-~1-pyrazoline-3-carboxylate was placed in a 150 ml. 
round-bottomed flask equipped with a reflux condenser. Heating 
the contents of the flask in an oil-bath from 98-147° gave a 
controlled decomposition. The clear, faintly yellow residue, 
weighing 16.10 grams (100%), was distilled at atmospheric pres-
sure to yield 15.30 grams (95.3%) of colorless liquid (b.p. 118-
1230). 
d. Addition of Diazomethane to the Decomposition 
Mixture 
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A 15.10 gram (0.132 mole) portion of the distillate ob-
tained above was diluted with 100 ml. of ether and cooled to 
0° in an ice-bath. A solution of diazomethane in ether, pre-
pared from 41.2 grams (0.40 mole) of nitrosomethylurea, was 
added by distillation. After twenty four hours in the refrig-
erator, the ether and excess diazomethane were removed by dis-
tillation from a 40-50° water-bath. The residue was distilled 
at reduced pressure (water aspirator) to give 10 .oo grams (66 .2%) 
of clear, colorless liquid (A) distilling at 60°/70 mm. A 
yellow liquid (B) weighing 4.10 grams remained in the still pot. 
Redistillation of (A) at atmospheric pressure through a 10 em. 
vacuum-jacketed Vigreux column afforded 9.70 grams of colorless 
product (b.p. 122-123°, n55 1.4204). The reported boiling point 
of methyl 1-methylcyclopropane-1-carboxylate is 124.5-126° 
(n55 1.4208) (95). The identity of the ester was confirmed by 
conversion to the amide. A 1.00 gram sample of the freshly dis-
tilled ester was shaken intermittently with 10 ml. of concen-
trated ammonium hydroxide solution. After one day at room tem-
perature the solution was still not homogeneous. Enough methanol 
was added to form an homogeneous solution which was allowed to 
stand for four days at room temperature. Evaporation to dryness 
in a stream of air gave 0.10 gram of white crystals which melted 
at 144-145° after two recrystallizations from a small volume of 
ethyl acetate. The reported melting point of 1-methylcyclopro-
pane-1-carboxamide is 143-145° (44). 
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Fraction (B) was distilled at reduced pressure using a 
one-piece distilling unit having a 10 em. vacuum-jacketed Vig-
reux column. A forerun (1.37 grams), collected in a dry ice-
cooled receiver by distillation at room temperature (0.07 mm.), 
proved to be additional methyl 1-methylcyclopropane-1-carboxyl-
ate (nE5 1.4192). A second fraction (1.70 grams) was collected 
at 45°/0.07 mm. (nE5 1.4527). It gave a satisfactory analysis 
for methyl 3,4-dimethyl-~1-pyrazoline-3-carboxylate. 
Calculated for c7H12oZN2 
Found 
LQ 
53.83 
53-5 
u 
17-94 
18.0 
The total distilled yield of methyl 1-methylcyclopropane-1-car-
boxylate was 11.04 grams (73%). By difference, the amount of 
methyl tiglate formed during the decomposition would be 27%• 
Siegel and Bergstrom (95), who decomposed crude methyl 3-methyl-
~1-pyrazoline-3-carboxylate in the same manner, performed the 
separation of the isomeric mixture by distillation using an 
efficient column. They reported 70% cyclopropane ester (b.p. 
124.5-126°) and 30% methyl tiglate (b.p. 138-139.2°). Similar 
values were obtained by these authors using bromine titration 
of the unsaturated ester as an analytical method. 
3. 3-Methyl-~1-Pyrazoline-3-Carboxamide 
a. Preparation of 3-Methyl-41-Pyrazoline-3-
Carboxamide 
fH3 
CH2==C-CONH2 + CH2N2 
(i) Method I 
TH3 
-- TH2-~-CONH2 
CH2 N 
".N/ 
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A 10.00 gram (0.120 mole) sample of methacrylamide (Mono-
mer-Polymer, Inc.) was dissolved with difficulty in 250 ml. of 
chloroform in a one liter Erlenmeyer flask. The solution was 
cooled to 0° in an ice-bath. An ethereal solution of diazo-
methane, prepared from ~1.2 grams (0.~ mole) of nitrosomethyl-
urea, was added by distillation and the deep yellow solution 
was placed in the refrigerator for six days. The solution, 
which still contained excess diazomethane, was filtered to ob-
tain 8.70 grams of white crystals. The solid was washed with a 
few ml. of ether and the combined filtrate and washings were 
distilled on a ~-50° water-bath to remove diazomethane and most 
of the ether. Distillation at reduced pressure (water aspirator) 
removed the remaining ether and chloroform leaving a yellow-
white solid weighing 7.00 grams. The crude material (15.70 grams, 
100%) was recrystallized from ethyl acetate to give 12.30 grams 
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(80.6%) of white crystals melting at 107-109°. A second re-
crystallization from the same solvent gave rhombic crystals 
melting at 107.5-109°. Snyder (100) reports the value 109°. 
(ii) Method II 
A search for a better solvent for both the methacrylamide 
and the product resulted in the following method of preparation. 
Into a one liter Erlenmeyer flask was placed a solution 
of 20.00 grams (0.240 mole) of methacrylamide in 100 ml. of 
dimethylformamide (Eastman Kodak #5870). The solution was held 
at 0° in an ice-bath while an ethereal solution of diazomethane, 
prepared from 82.4 grams (0.80 mole) of nitrosomethylurea, was 
added by distillation. After six days in the refrigerator the 
excess diazomethane and ether were distilled on a 40-50° water-
bath. Residual ether and dimethylformamide were removed by 
distillation at 30-60° under reduced pressure (water aspirator). 
The moist solid residue was dissolved in the minimum amount of 
hot ethyl acetate and filtered. Chilling the filtrate resulted 
in the separation of a white crystalline solid which was col-
lected by suction filtration. The material (23.10 grams, 75.6%) 
melted at 106-109°· A second recrystallization from the same 
solvent gave 20.50 grams (67.2%) of rhombic crystals melting 
at 108-109°. 
b. Decomposition of 3-Methyl-61-Pyrazoline-3-
Carboxamide 
+ 
A ~.00 gram (0.0315 mole) sample of crystalline 3-methyl-
61-pyrazoline-3-carboxamide was dissolved in 25 ml. of dimethyl-
formamide (Eastman Kodak #5870) and placed in a 100 ml. round-
bottomed flask equipped with a reflux condenser. 
The use of a solvent was indicated by results obtained in 
earlier experiments when the decomposition was found to be in-
complete due to sublimation of the pyrazoline below its melting 
point. Dimethylformamide, refluxing at 150-152°, continuously 
returns any sublimed material to the decomposition flask in the 
final stages of the heat treatment. 
Decomposition of the sample was effected by slowly raising 
the temperature of a surrounding oil-bath from 90° to the re-
flux temperature of the solvent (150-152°). The total heating 
time was three hours. The clear, faintly yellow solution ob-
tained was evaporated to dryness in an air stream. The residue, 
a yellowish white solid, weighed 2.98 grams (95·5%) and melted 
over a range from 75-1~0 • An exhaustive fractional crystalli-
zation of this product from ethyl acetate led to the isolation 
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of 1.59 grams (53.4%) of white plates which melted at 145-146°. 
The melting point was not depressed by admixture with an authen-
tic sample of 1-methylcyclopropane-1-carboxamide, prepared by 
ammonolysis of methyl 1-methylcyclopropane-1-carboxylate. The 
reported melting point of the latter compound is 143-145° (44). 
All attempts to isolate either of the two other isomers 
which could conceivably be formed by this reaction were unsuc-
cessful. These compounds, tiglic acid amide and 2-methyl buten-
amide-3, melt at 75-76° (75) and 98° (66) respectively. 
c. An Attempt to Tautomerize the Pyrazoline 
with Aluminum Oxide 
(?) 
• 
In order to determine whether the passage of solutions of 
~1-pyrazolines through aluminum oxide columns for purification 
purposes caused the tautomeric shift illustrated in the above 
equation, the following experiment was performed. 
A column 1.08 em. in diameter was charged with 33.0 grams 
of aluminum oxide (Merck and Co., Aluminum Oxide for chromo-
graphic purposes). The height of the adsorbent was 39.0 em. 
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A solution of 2.00 grams of 3-methyl-~1-pyrazoline-3-carboxamide 
(m.p. 107-109°) was dissolved in 10 ml. of absolute methanol 
and placed on the column. Elution was accomplished with abso-
lute methanol. The eluate was collected in 20 ml. increments 
at a flow rate of 0.60 ml./minute. 
Fraction Weight M..:L. 
1 o.oo g. 
2 1.76 g. 107-109° 
3 0.10 g. 107-109° 
4 o.oo g. 
The total recovery was 1.86 grams (93.0%). Mixed melting points 
of fractions 2 and 3 with the starting material showed no de-
pression. 
4. 3,4-Dimethyl-~1-Pyrazoline-3-Carboxamide 
a. Preparation of Tiglic Acid 
CH3-C-H 
cH3-tcooNa 
HCl 
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A three liter, round-bottomed flask was equipped with a 
dropping fUnnel, thermometer, and an efficient stirrer. To 
the flask was added 170 grams (1.00 mole) of silver nitrate, 
32.00 grams (0.380 mole) of tiglaldehyde (Eastman Kodak #P5469), 
300 ml. of water, and enough ethanol (100 ml.) to form an homo-
geneous solution. The contents of the flask were held at 5-10° 
in an ice-salt bath while a cold solution of 60.02 grams (1.50 
moles) of sodium hydroxide in 670 ml. of water was added with 
stirring over a two and one-half hour period. The mixture was 
stirred for seven hours at 0°, then allowed to stand at room 
temperature for twelve hours. The precipitated silver was re-
moved by suction filtration and the ethanol was distilled from 
the filtrate by heating for one hour on the steam-bath. Treat-
ment of the hot solution with decolorizing carbon afforded a 
clear, colorless solution which was cooled to 0° in an ice-bath 
and acidified to pH 2 with concentrated hydrochloric acid. 
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A white crystalline solid (4o.02 grams) separated and was col-
lected by suction filtration. The filtrate was extracted with 
ether in a continuous liquid-liquid extractor for two days. 
Distillation of the ether on a steam-bath gave additional solid 
which was combined with the initial precipitate. The total 
crude yield was 42.00 grams (contained sodium c~~oride). Re-
crystallization from methanol-water (1:3) gave 31.70 grams 
(83.3%) of white plates melting at 64°. The recorded melting 
point of tiglic acid is 62-64° (33). 
b. Preparation of Tiglic Acid Amide 
A mixture of 5.00 grams (0.050 mole) of tiglic acid and 
12.00 grams (0.100 mole) of thionyl chloride (Eastman Kodak 
#246) was placed in a 50 ml. flask equipped with a reflux con-
denser and a calcium chloride drying tube. After refluxing for 
one hour the solution was cooled to room temperature and added 
in dropwise fashion to a well-stirred solution of ice-cold con-
centrated ammonium hydroxide (50 ml.). The solution obtained 
was evaporated to dryness and the off-white solid residue was 
extracted with three 50-ml. portions of boiling chloroform. 
Evaporation of the chloroform extracts to dryness gave 4.10 
grams (82.9%) of yellowish solid. This material was dissolved 
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in 20 ml. of water and heated with decolorizing carbon. Grav-
ity filtration gave a clear, colorless filtrate which afforded 
a white crystalline solid (4.00 grams) upon evaporation to dry-
ness in air. Two recrystallizations of this material from a 
small volume of ethyl acetate gave white needles of tiglic acid 
amide melting at 73-74°. Nastor and Gavriloff (75) reported 
the melting point as 75-76°. 
c. unsuccessful Attempt to Add Diazomethane 
to Tiglic Acid Amide 
Tiglic acid amide (2.00 grams, 0.0202 mole) was dissolved 
in 10 ml. of dimethylformamide (Eastman Kodak #5870) and placed 
in a 500 ml. Erlenmeyer flask. An ethereal solution of diazo-
methane, prepared from 10.30 grams (0.100 mole) of nitrosometh-
ylurea, was added by distillation to the ice-cold amide solu-
tion. After twenty hours in the refrigerator the diazomethane 
and ether were removed by distillation on a 40-45° water-bath. 
The residue was evaporated in air to a gummy syrup. This was 
taken up in 10 ml. of hot ethyl acetate and filtered. Repeated 
concentrations of the filtrate afforded a total of 1.38 grams 
of white crystals which melted at 71-73°. A mixture of this 
material with authentic tiglic acid amide melted at 71-73°. 
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d. Preparation of 3.4-Dimethyl-61-Pyrazoline-
3-Carboxamide 
TH3 
+ 
--cH3TH-T-coNH2 
CH2 N 
"-'.N/' 
A solution of 1.87 grams (0.0189 mole) of tiglic acid 
amide in 10 ml. of dimethylformamide (Eastman Kodak #5870) 
was placed in a 500 ml. Erlenmeyer flask and cooled to 0° in 
an ice-bath. An ethereal solution of diazomethane, prepared 
from 10~30 grams (0.100 mole) of nitrosomethylurea, was added 
by distillation. The yellow mixture was allowed to stand in 
the hood at room temperature for nine days. After this period 
a slight excess of diazomethane and the ether were removed by 
distillation on a 4o-60° water-bath. Evaporation of the re-
sidue in air gave a viscous, semi-solid substance. This was 
dissolved in 5 ml. of hot ethyl acetate, filtered, and chilled. 
Filtration gave 1.09 grams of white solid melting at 65-85°. 
One further recrystallization from ethyl acetate followed by 
two recrystallizations from absolute ethanol gave 0.21 grams 
(7.8%) of white needles melting at 100-102°. The analytical 
results correspond closely to the values calculated for 3,4-
dimethyl-61-pyrazoline-3-carboxamide. 
Calculated for c6H11oN3 
Found 
!..£ 
5l.Olt 
51.0 
lltl 
29.77 
29.6 
Evidently the addition of diazomethane to tiglic acid amide is 
quite a slow reaction. Despite the prolonged contact time and 
increased temperatures employed in this experiment, the crude 
product still contained a considerable amount (0.92 gram, 
lt9.2%) of unreacted amide. The yield of product revised to 
account for this material was 15.6%. 
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5· 1-Methyl-3-Cyano-ti1 -Pyrazoline 
a. Preparation of the Pyrazoline 
+ 
A solution of methacrylonitrile (20.13 grams, 0.300 mole) 
in 100 ml. of ether was placed in a one liter Erlenmeyer flask. 
The nitrile used was a product of the Shell Development Com-
pany. An ethereal solution of diazomethane, prepared from 
82.4- grams (0.80 mole) of nitrosomethylurea, was added by dis-
tillation. Immediate decolorization of the initial increments 
of diazomethane was noted. The solution, which was deep yellow 
after all of the reagent had been added, was placed in the re-
frigerator for twenty four hours. Distillation on a 4-0-4-5° 
water-bath removed the excess diazomethane and ether. Final 
traces of ether were distilled at room temperature under re-
duced pressure (water aspirator). The faintly yellow product, 
weighing ]1.61 grams (96.7%) was used in the next step without 
further purification. 
The method of preparation outlined above is essentially 
that reported by Gotkis and Cloke (4-4-). These workers, however, 
used excess nitrile and did not isolate the pyrazoline. 
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b. Decomposition of the Pyrazoline 
1H3 
and CH3CH=C-CN + 
The crude pyrazoline (31.61 grams, 0.290 mole) was placed 
in a 250 ml. round-bottomed flask equipped with a reflux con-
denser. It was decomposed under controlled conditions by slow-
ly heating in an oil-bath from 100° to 140°. At the latter 
temperature the product refluxed smoothly. Three and one-half 
hours were required for complete decomposition. Distillation 
of the product directly from the reaction vessel using a short 
Vigreux column gave 21.27 grams (90.4%) of clear, colorless 
liquid distilling at 123-130°. The reported boiling point of 
pure 1-methylcyclopropane-1-nitrile is 127-127.5°/761.5 mm. 
(corrected) (44). 
The nitrile was then treated with alkaline potassium per-
manganate to destroy ethylenic components. Fifty ml. of water 
and 5 ml. of 10% sodium carbonate solution were added to a 
500 ml. round-bottomed flask containing the nitrile. A 5% 
solution of potassium permanganate in water was added with vig-
orous stirring until the purple color persisted. Two hundred 
ml. of the solution was required. The mixture was acidified 
with dilute sulfUric acid and 10% sodium meta-bisulfite 
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(Na2s2o5) solution was added until the excess permanganate 
and manganese dioxide had been converted to manganese sulfate. 
The nitrile layer was then separated and the aqueous solution 
extracted with three 50-ml. portions of petroleum ether (b.p. 
30-60°). The extracts were dried over magnesium sulfate for 
four hours • The drying agent was r amoved by filtration and 
rinsed with a few ml. of dry petroleum ether. Distillation 
of the filtrate to a vapor temperature of 100° removed the pet-
roleum ether and left 16.05 grams (75.3%) of clear, light yel-
low 1-methylcyclopropane-1-nitrile. The product was used with-
out fUrther purification for the preparation of 1-methylcyclo-
propane-1-carboxylic acid. 
c. Preparation of 1-Methylcyclopropane-1-
Carboxvlic Acid 
1. KOH 
CH3 I 
CH-C-COOH 
'{/ 
CH2 
Into a 250 ml. round-bottomed flask equipped with a reflux 
condenser was placed 15.00 grams (0.185 mole) of crude 1-methyl-
cyclopropane-1-nitrile and a solution of 16.80 grams (0.300 mole) 
of potassium hydroxide in 60 ml. of water. The solution was 
refluxed for sixteen hours when no fUrther ammonia could be de-
tected by a litmus paper test. The clear brown liquid was 
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cooled to room temperature and extracted with two 50-ml. por-
tions of petroleum ether (b.p. 30-60°) to remove unreacted 
nitrile. The aqueous portion was then cooled to 0° in an ice-
bath and acidified to pH 2 with dilute sulfUric acid. The pro-
duct separated as an oily upper layer. Six 50-ml. portions of 
ether were used to completely extract the product from the aque-
ous layer. The combined ether extracts were dried over mag-
nesium sulfate for four hours. The drying agent was removed 
by filtration and rinsed with small portions of dry ether. 
Distillation of the ether from the filtrate afforded a clear 
brown liquid residue. This material distilled smoothly at 
58-60°/0.5 mm. to give 15.44 grams (83.4%) of colorless liquid 
which soon solidified to a white crystalline substance. One 
recrystallization from a small volume of petroleum ether (b.p. 
30-60°) using a dry ice-acetone mixture for cooling, gave a 
high yield of small white crystals which melted at 34-35°. The 
reported melting point of 1-methylcyclopropane-1-carboxylic 
acid is 28-31° (62). 
Calculated for c5Hg02 
Found 
59·98 
60.1 
8.05 
8.1 
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6. Preparation of Methyl 3-Carbomethoxymethyl-~1-
Pyrazoline-3-Carboxylate 
Freshly recrystallized dimethyl itaconate (5.00 grams, 
0.0316 mole) was dissolved in 25 ml. of ether and placed in 
a one liter Erlenmeyer flask. An ethereal solution of diazo-
methane, prepared from 20.6 grams (0.20 mole) of nitrosomethyl-
urea, was added by distillation. After twenty hours in the 
refrigerator the excess diazomethane and all but 50 ml. of the 
ether were removed by distillation on a 40-45° water-bath. The 
colorless ether solution was then dried over magnesium sulfate, 
filtered, and the final traces of ether removed by distillation 
at reduced pressure (water aspirator). The colorless residue 
which remained (4.90 grams, 77·5%) was filtered through two 
sheets of dry filter paper and analysed. The refractive index 
25 46 was nD 1. 22. 
Calculated for c8H12o4N2 
Found 
47.99 
48.2 
1..H 
6.04 
6.1 
u 
14.00 
14.0 
The above data agree well with the calculated values for methyl 
3-carbomethoxymethyl-~1-pyrazoline-3-carboxylate. 
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7· Diethyl 4-Ethoxy-~1-Pyrazoline-3,3-Dicarboxylate 
a. Preparation of the Pyrazoline 
A solution of 20.59 grams (0.0952 mole) of diethyl ethoxy-
methylene malonate (Kay Fries Chemicals Inc.) in 50 ml. of ether 
was cooled to 0° in an ice-bath. An ethereal solution of diazo-
methane, prepared from 41.2 grams (0.40 mole) of nitrosomethyl-
urea, was added by distillation. The deep yellow solution was 
allowed to stand in the refrigerator for forty eight hours after 
which the excess diazomethane and all but a few milliliters of 
ether were removed by distillation on a 4o-50° water-bath. The 
final traces of ether were removed by distillation at reduced 
pressure (water aspirator). The light yellow residue (23 .66 
grams, 96.2%) was rinsed into a 250 ml. Erlenmeyer flask with 
75 ml. of ether and the resulting solution was cooled for thirty 
minutes in a dry ice-acetone freezing mixture. A white crys-
talline solid which separated was collected by rapid suction 
filtration using a chilled Buchner funnel. The air-dry weight 
of the product was 5.88 grams (23 -9%). A second recrystalliza-
tion from ether (using dry ice-acetone cooling) gave small white 
crystals melting at 30-31°. Analysis of this product confirmed 
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its identity as diethyl 4-ethoxy-~1-pyrazoline-3,3-dicarboxyl­
ate. 
Calculated for c11H18o5N2 
Found 
LQ 
51.15 
51.1 
u 
10.85 
10.8 
A sample of this substance decomposed violently when heated 
moderately. 
Evaporation of the mother liquors from the first ether re-
crystallization gave an additional 16.46 grams (66.9%) of crude 
product, a viscous, yellow syrup. 
b. Isolation of Diethyl 4-Ethoxy-~2-Pyrazoline-
5,5-Dicarboxylate and Ethyl Pyrazole-3-Car-
boxylate 
yooc 2H5 
C2H5ocH=C-COOC2H5 + CH2N2 --
/ 
A sample of diethyl ethoxymethylenemalonate (Kay Fries 
Chemicals Inc.) was redistilled under reduced pressure through 
a 20 em. Vigreux column. After a small forerun, the main frac-
tion was collected at 122-124°/1.8 mm. The reported boiling 
point is 108-110°/0.25 mm. (42). 
The freshly distilled ester (4o.OO grams, 0.185 mole) was 
diluted with 100 ml. of ether and placed in a one liter Erlen-
meyer flask. An ethereal solution of diazomethane, prepared 
from 41.2 grams (0.40 mole) of nitrosomethylurea, was added by 
distillation to the ice-cold ester solution. After being al-
lowed to stand in the refrigerator for twenty four hours, the 
excess diazomethane and ether were distilled using a 40-50° 
water-bath. Final traces of ether were removed by distillation 
under reduced pressure (water aspirator) leaving 48.50 grams of 
light yellow liquid residue. The theoretical yield is 47.90 
grams. Attempts to distill the crude material at 0.05 mm. pres-
sure were unsuccessful since decomposition of the sample began 
at a bath temperature of 80°. 
After six months storage in the refrigerator a 4o .00 gram 
sample of this material was dissolved in 150 ml. of ether and 
filtered. Chilling the filtrate for thirty minutes in a dry 
ice-acetone freezing mixture resulted in the separation of a 
lemon yellow solid (26.50 grams, 66.3%) which was isolated by 
rapid filtration through a chilled Buchner funnel. The material 
obtained melted at room temperat•Jl'e. Attempted recrystallizations 
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from ether were only successful at low temperatures and failed 
to remove a persistent yellow impurity. 
A 10.00 gram sample of the yellow material was dissolved 
in a large volume of petroleum ether (b.p. 30-60°) and passed 
through an alumina column (Merck and Co., Inc. -Aluminum Oxide 
for chromatographic purposes). The column, 70 em. long with an 
internal diameter of 1.0 em., contained 66 .o grams of the ad-
sorbent. A flow rate of 3.2 ml. per minute was employed. The 
eluate was collected in 55 ml. increments which were evaporated 
to dryness in a stream of air. A summary of the results of 
this treatment is shown below. 
Fraction Weight of Residue Physical Appearance 
A - c o.oo g. 
D 
- M 5-23 g. large rhombic 
N 
- R * 1.85 g. yellow-white 
** s - T o.84 g. yellow-white 
u - v o.oo g. 
* Eluted with absolute ether 
**Eluted with absolute ethanol 
crystals 
plates 
crystals 
Melting Point 
50-52° 
49-51° 
160-161° 
The total recovery was 7-92 grams (79.2%). A portion of the 
D - M fraction was recrystallized from petroleum ether to give 
large white rhombs melting at 51.5-52.5°. Analysis indicated 
that the substance was diethyl 4-ethoxy-62-pyrazoline-5,5-di-
carboxyla te. 
Calculated for c11H18o5N2 
Found 
1LQ_ 
51.15 
51.0 
2U1 
7-03 
7-3 
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10.85 
10.8 
A portion of fractions S - T was recrystallized from ab-
solute ethanol to give an excellent yield of glistening flat 
white needles melting at 160-161°. The analytical data obtained 
best fitted values calculated for the ethyl ester of a pyrazole 
carboxylate. 
Calculated for c6H8o2N2 
Found 
2L.Q 
51.42 
51.5 
2U1 
5-75 
6.0 
!Ji 
19-99 
20.1 
When a sample of the suspected pyrazole was admixed with a 
sample of authentic ethyl pyrazole-3-carboxylate (m.p. 160°) 
(60) no depression in melting point was observed (mixed m.p. 
160-161°). 
A 5.00 gram sample of the viscous liquid obtained by dis-
tillation of ether from the mother liquors of the initial re-
crystallization was chromatographed in the manner described 
above. The yield of 62-pyrazoline was 1.22 grams (35-5%, m.p. 
45-50°) and that of the pyrazole, 0.57 gram (14.3%, m.p. 155-
1590). 
Infra-red spectra of both diethyl 4-ethoxy-61-pyrazoline-
3,3-dicarboxylate and its tautomer, diethyl 4-ethoxy-~2-pyrazo­
line-5,5-dicarboxylate, permitted a clear distinction between 
152 
the isomers since the N-H absorption band found at 3 microns 
in the 62-compound was absent in the 61-compound. 
c. Preparation of Ethyl 62-Pyrazoline-3-Carboxylate 
+ 
In order to confirm the identity of the pyrazole isolated 
during the purification of diethyl 4-ethoxy-62-pyrazoline-5,5-
dicarboxylate, (p. 150) an authentic specimen of ethyl pyrazole-
3-carboxylate was needed. The preparation of the latter com-
pound has been reported by von Auwers and Gauer (8), who oxi-
dized ethyl 62-pyrazoline-3-carboxylate to obtain the desired 
product. The procedure described below is essentially the same 
as that of von Auwers. 
Ethyl acrylate (10.01 grams, 0.100 mole) (Eastman Kodak 
#P3159) was diluted with 50 ml. of ether and placed in a one 
liter Erlenmeyer flask. A solution of diazomethane in ether, 
prepared from 41.2 grams (0.4o mole) of nitrosomethylurea, was 
added by distillation to the ice-cold ester. After fifteen 
hours in the refrigerator the excess diazomethane and all but 
50 ml. of ether were removed by distillation on a 4o-45° water-
bath. Chilling the clear, colorless residue in an ice-bath 
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resulted in the separation of 8.00 grams of white crystals 
which melted at 68-71°. Further concentrations of the ether 
gave an additional 6.12 grams of yellow-white crystals. The 
total crude yield was 14.14 grams (99.4%). Recrystallization 
of 3.00 grams of the first crop of solid from absolute ether 
gave 2.20 grams of pure white crystals melting at 72-73°. Von 
Auwers and Gauer (8) give the melting point of ethyl ~2-pyrazo­
line-3-carboxylate as 73-74°. 
d. Preparation of Ethyl Pyrazole-3-Carboxylate 
.HBr 
NaHco3 
H 0 • 2 
A solution of 5.00 grams (0.0352 mole) of ethyl ~2-pyrazo­
line-3-carboxylate in 50 ml. of absolute ether was placed in a 
250 ml. Erlenmeyer flask and cooled to 0°. One equivalent of 
bromine (5.63 grams, 0.0352 mole) in 25 ml. of chloroform was 
added in dropwise fashion with continuous stirring. Another 
25 ml. of chloroform was added to dissolve the gummy precipitate 
which formed. The clear solution was then stirred for thirty 
minutes at 0° and for thirty minutes at room temperature. The 
solvents were removed by evaporation in an air stream leaving a 
dark brown liquid residue. Trituration of this material with 
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75 ml. of 10% sodium bicarbonate solution resulted in the sepa-
ration of a light brown solid which was collected by suction 
filtration. After drying in air it weighed 4.39 grams (89.0%). 
Three recrystallizations from absolute methanol gave pure white 
needles which melted at 160-161°. The reported melting points 
for ethyl pyrazole-3-carboxylate are 157-158° (8) and 160° (60). 
e. Decomposition of Diethyl 4-Ethoxy-A1-
Pyrazoline-3.3-Dicarboxylate 
A 4.90 gram (0.0190 mole) sample of crystalline diethyl 
4-ethoxy-~1-pyrazoline-3,3-dicarboxylate was placed in a 100 
ml. round-bottomed flask equipped with a reflux condenser. The 
material was subjected to a controlled decomposition by heating 
in an oil-bath from 80° to 160°. At one point when the decom-
position threatened to get out of control, the reaction was 
stopped by immersion in an ice-bath. A dark yellow liquid re-
sidue (4.19 grams, 95.9%) remained after complete decomposition. 
Distillation of this substance using a one-piece distilling 
unit equipped with a 10 em. vacuum-jacketed Vigreux column gave 
3.34 grams (76.4%) of clear, colorless liquid distilling at 
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86-88°/0.1 mm. (n~5 1.4579). When this product was chilled 
in an ice-bath and scratched with a glass rod, it solidified 
to a white substance which melted at room temperature. It was 
dissolved in 10 ml. of petroleum ether (b.p. 30-60°), filtered, 
and the filtrate cooled to 0° in an ice-bath. The white crys-
talline solid (3.11 grams) which separated was isolated by ra-
pid filtration using a chilled Buchner funnel. It melted at 
24-25.5° and was redistilled at 87-88°/0.1 mm. (n~5 1.4634). 
The reported constants for diethyl ethoxyethylidenemalonate 
are b.p. 84°/0.03 mm., m.p. 26-27°, and n~5 1.4634 (71). 
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C. Preparation and Decomposition of the Pvrazolines 
gaving Unsaturation in Substituent Groups 
l. Vinvl 3-Methyl-C.1-Pyrazoline-3-Carboxvlate 
a. Preparation of the Pyrazoline 
)H3 
CH2==c-COOCH==CH2 + 
A solution of 30.00 e;rams (0.268 mole) of vinyl methacryl-
ate (Monomer-Polymer, Inc.) in 200 r.Jl. of absolute ether ,,ras 
prepared in a one liter Erlenmeyer flask and cooled to 0-5° in 
an ice-bath. Diazomethane, prepared from 82.4 e;rams (0.80 mole) 
of nitrosomethylurea, was added by distillation. The deep yel-
lo•o/ solution was stored in the refrigerator for ten hours after 
which the excess diazomethane viaS removed by distillation on a 
40-50° water-bath. A clear yellow liquid remained v!hich still 
contained traces of ether. Fractionation of this material 
through a short Vigreux column gave 37.50 grams (90.8%) of the 
product, a colorless liquid distilling at 58-59°/l.O ~m. 
<n~5 1.466o, de5 1.0930). 
Calculated for c7H10o2N2 
Fou.c'1d 
54.53 
54.5 
Cib H ~
6.54 
6.5 
% N 
18.17 
17.9 
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Two grams of brown viscous material remaining in the still pot 
was not further investigated. 
b. Decomposition of the Pyrazoline 
and + 
The freshly distilled pyrazoline (17.75 grams, 0.115 mole) 
was weighed into a 50 ml. round-bottomed flask equipped with a 
reflux condenser. A controlled thermal decomposition was ef-
fected over a four hour period at oil-bath temperatures of 83° 
to 1~0°. The reaction product, a yellow liquid, was distilled 
directly from the decomposition flask. The yield of clear, 
colorless distillate (b.p. 120-135°) was 13.82 grams (95.~%). 
A small amou!Ct of viscous b:-own material remaining i!'l the de-
composition flask was not further investigated. 
yH3 
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c. Addition of Diazomethane to the Decomposition 
Mixture 
CH I 3 
CH3CH==C-COOCH==CH2 + CH2N2 -- CH3rH ---<r-COOCH=cH2 
CH2 N 
'\;..N/ 
The mixture of isomers (13.82 grams, 0.109 mole) was placed 
in a one liter Erlenmeyer flask with 100 ml. of ether and cooled 
to 0°. An ethereal solution of diazomethane, prepared from 41.2 
grams (0.40 mole) of nitrosomethylurea, was added by distilla-
tion. After twenty four hours in the refrigerator the excess 
diazomethane and ether were removed by distillation on a 40-45° 
water-bath. Distillation of the residue under the reduced pres-
sure of a water aspirator gave 7.70 grams of low-boiling mater-
ial collected at 25-32.5°. The receiver was immersed in dry-ice 
to condense the vapors during the distillation. A final frac-
tion (5.03 grams) of higher boiling material was distilled at 
53°/0.25 mm. using a mechanical pump. 
Redistillation of the low-boiling fraction using a one-
piece distilling unit having a 15 em. vacuum-jacketed Vigreux 
column gave a major fraction boiling at 132-133° at atmospheric 
pressure (n~5 1.4381). The analytical data agree with the cal-
culated values for vinyl 1-methylcyclopropane-1-carboxylate. 
Calculated for c7H10o2 
Found 
66.63 
66.6 
7-99 
8.0 
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The identity of this fraction was confirmed by conversion 
to the amide. One gram of the ester was shaken for five min-
utes with 10 ml. of concentrated ammonium hydroxide and allowed 
to stand at room temperature for twenty four hours. Evaporation 
of the clear liquid in air gave 0.78 gram of white solid. Two 
recrystallizations from ethyl acetate gave white plates melting 
at 145-146.5°. A mixture of this material with authentic 1-meth-
ylcyclopropane-1-carboxamide melted at 145-146.5°. The authen-
tic compound was prepared by the ammonolysis of methyl 1-methyl-
cyclopropane-1-carboxylate. 
The high-boiling fraction was redistilled in a small dis-
tillation unit having a 10 em. vacuum-jacketed Vigreux column. 
All of the material except a few drops of forerun was collected 
at 63-64°/0.7 mm. (n~5 1.4640). The analysis of this clear, 
colorless liquid confirms its identity as vinyl 3,4-dimethyl-
~1-pyrazoline-3-carboxylate. 
Calculated for c8H12o2N2 
Found 
!....9. 
57-12 
57.0 
1...ti 
7-19 
7-2 
u 
16.66 
16.8 
The theoretical yield of mixed esters which would be ob-
tained by the thermal decomposition of 17.75 grams of vinyl 
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3-methyl-~1-pyrazoline-3-carboxylate is 14.52 grams. Since 
7.70 grams of vinyl 1-methylcyclopropane-1-carboxylate was 
actually obtained, it is evident that the pyrazoline decomposed 
to give at least 53% of the cyclic product and, by difference, 
47% of the diolefinic ester. 
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1 2. Allyl 3-Methyl-6 -Pyrazoline-3-Carboxylate 
a. Preparation of the Pyrazoline 
Allyl methacrylate (25.00 grams, 0.198 mole), obtained 
from Monomer-Polymer, Inc. was placed in a one liter Erlenmeyer 
flask with 50 ml. of absolute ether. An ethereal solution of 
diazomethane, prepared from 82.4 grams (0.80 mole) of nitroso-
methylurea, was added by distillation to the ice-cold ester 
solution. The initial increments of diazomethane added immed-
iately as evidenced by the disappearance of the characteristic 
yellow color of diazomethane. After three days in the r err ig-
erator, the excess ether and diazomethane were removed by dis-
tillation on a 4o-50° water-bath. Final traces of ether were 
distilled at room temperature under reduced pressure (water 
aspirator). The clear light yellow liquid residue weighed 32-5 
grams (97-7%). Fractionation of this material through a 10 em. 
vacuum-jacketed Vigreux column gave 29.8 grams (89.5%) of col-
orless liquid distilling at 77-79°/1.3 mm. 
A redistilled sample (b.p. 62°/0.35 mm.) was analysed 
(n~5 1.4645, d~5 1.0860). 
Calculated for c8H12o2N2 
Found 
57.12 
56.8 
7·19 
7.2 
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16.66 
16.6 
b. Ammonolysis of Allyl 3-Methyl-61-Pyrazoline-
3-Car boxyla te 
CH I 3 
CH2-C-CONH2 I I 
CH N ~N/ 
Freshly distilled allyl 3-methyl-61-pyrazoline-3-carboxyl-
ate (3.00 grams, 0.0178 mole) was weighed into a 50 ml. Erlen-
meyer flask. Concentrated ammonium hydroxide (25 ml.) was 
added to form a two phase solution. Intermittent shaking over 
a twenty minute period gave a clear homogeneous solution which 
was allowed to stand at room temperature for fifteen hours. 
Evaporation in air gave a somewhat moist, yellowish-white solid 
weighing 2.3~ grams (100%). Three recrystallizations of this 
material from ethyl acetate afforded white crystals melting at 
108-109°. A mixture of this material with authentic 3-methyl-
61-pyrazoline-3-carboxamide melted at 108-109°. 
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c. Decomposition of the Pyrazoline 
The freshly distilled pyrazoline (23.43 grams, 0.139 mole) 
was placed in a 100 ml. round-bottomed flask equipped with a 
reflux condenser. Gradual heating from 118° to 170° in an oil-
bath gave a controlled decomposition. A total heating time of 
three and one-half hours was required before nitrogen evolution 
ceased. The faintly yellow liquid product weighed 19.60 grams 
(100%). Distillation at atmospheric pressure in a small one-
piece apparatus gave 17.14 grams (87.5%) of clear, colorless 
liquid distilling at 114-150°. 
TH3 
d. Addition of Diazomethane to the Decomposition 
Mixture 
fH3 
CH3CH--C-COOCH2CH==CH2 + CH2N2 -- CH3~H-y-COOCH2CH=cH2 
CH2 N 
"N/ 
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The distilled mixture of isomers (17.14 grams, 0.122 mole) 
was rinsed into a one liter Erlenmeyer flask with 50 ml. of 
ether. A solution of diazomethane in ether, prepared from 41.2 
grams (0.4o mole) of nitrosomethylurea, was added by distilla-
tion. After thirteen days in the r efr iger a tor the excess diazo-
methane and ether were removed by distillation on a 40-50° 
water-bath. A low-boiling fraction (9.64 grams) was then col-
lected by distillation at 0.20 mm. and room temperature. A 
receiver, cooled by dry-ice, was used to condense the vapors. 
The high-boiling residue was then distilled at 80-100°/0.3-1.5 
mm. (7 .10 grams). The pressure rose during the latter part of 
the distillation due to some thermal decomposition of the pyra-
zoline. Redistillation of the high-boiling fraction in a one-
piece distilling apparatus having a small vacuum-jacketed Vig-
reux column gave a 0.30 gram forerun distilling at 75-84°/0.10 
mm. and the major fraction (6.04 grams) with a boiling point 
of 84.5°/0.10 mm. (n~5 1.4728). The analysis of this colorless 
liquid agrees well with the values calculated for allyl 3,4-
dimethyl-~1-pyrazoline-3-carboxylate. 
Calculated for c9H14o2N2 
Found 
!...£ 
59.32 
59·3 
u 
15.37 
15.4 
The low-boiling fraction was redistilled using a one-piece 
distilling apparatus containing a 15 em. Vigreux column. 
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A colorless liquid weighing 7.20 grams was collected at 147-
1490 (n~5 1.4368). Since it gave the correct elementary anal-
ysis and failed to react with diazomethane, it was identified 
as allyl 1-methylcyclopropane-1-carboxylate. 
Calculated for c8H12o2 
Found 
68.54 
68.5 
8.63 
8.6 
Although it cannot be claimed that the above procedures 
constitute a quantitative method for the determination of the 
relative amounts of the two isomers, it is evident that when 
allyl 3-methyl-~1-pyrazoline-3-carboxylate is thermally decom-
posed, at least 56% of the decomposition mixture consists of 
the cyclic isomer (9.64/17.14 x 100=56%). 
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3. Preparation of Vinyl 4-Methyl-ti2-Pyrazoline-3-
Carboxylate 
+ 
--cH3yH- fJ-COOCH=cH2 
CH2 N 
'\:N/ 
I 
H 
A solution of diazomethane in ether, prepared in the usual 
manner from 61.8 grams (0.60 mole) of :d.trc;soJ:Jethylurea, ·was 
added by distillation to a solution of 25.00 grams (0.222 mole) 
of freshly distilled vinyl crotonate (Carbide and Carbon Co.) 
in 100 ml. of ether. After four days in the refrigerator the 
excess diazomethane and ether were removed by distillation on 
a 40-45° water-bath. A lieht yellow viscous liquid weighing 
33.73 grams (98.3%) remained in the distilling flask. After 
one hour at 0° the material solidified to a yellow substance. 
A sample of this material was recrystallized, with considerable 
loss,from ether by chilling to -70°. A white solid melting at 
53-56° was obtained. A second recrystallization from petroleum 
ether (b.p. 35-75°) gave white crystals in excellent yield 
which melted at 58-59°· 
Calculated for c7H10o2N2 
Found 
:if...1i 
6.54 
6.6 
1J:r 
18.18 
18.0 
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A portion of the crude reaction product was purified by distil-
lation at reduced pressure. Under this treatment approximately 
two-thirds of the material was lost due to decomposition during 
distillation. The rest of the liquid was collected as a vis-
cous, light yellow liquid distilling at 107-108.5°/0.8 mm. On 
standing at room temperature the distillate solidified to a 
light yellow substance. Recrystallization from ether gave 
faintly yellow crystals melting at 58-59°. 
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4. Methyl 4-Phenyl-5-Allyl-62-Pyrazoline-5-Carboxylate 
a. Preparation of Allylmalonic Acid 
1. KOH 
2. HCl 
A solution of 236 grams (4.20 moles) of potassium hydrox-
ide in 308 ml. of water was prepared and cooled to 0° in an ice-
bath. Diethyl allylmalonate (Matheson Coleman and Bell, Inc. 
#6267) (194 grams, 0.969 mole) was added with occasional swirl-
ing. The gelatinous upper layer which formed was allowed to 
mix slowly with the basic solution in order to keep the temper-
ature below 50°. When no further heat evolution was noted, the 
solution was allowed to stand at room temperature for four hours. 
Ethanol was removed by distillation at reduced pressure (water 
aspirator). Final traces of alcohol and any unreacted ester 
were removed by extraction with two 100-ml. portions of ether. 
The aqueous layer was then cooled to 0° in an ice-bath and 
acidified to pH 2 with concentrated hydrochloric acid. A white 
crystalline solid, consisting mainly of potassium chloride, 
was removed by suction filtration. It was dried in air and 
triturated with two 100-ml. portions of ether to extract any 
allylmalonic acid. The initial acid solution was extracted 
with ether in a continuous liquid-liquid extraction apparatus 
for fifteen hours. The combined ether solutions were dried 
over magnesium sulfate for five hours, filtered, and the 
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filtrate distilled to dryness on a 40-50° water-bath. The 
white crystalline residue obtained weighed 122.3 grams (87.6%) 
and melted at 74-100°. Two recrystallizations from ethyl ace-
tate gave short white needles melting at 101-102.5°. Linstead 
and Rydon (68), who prepared allylmalonic acid by essentially 
the same procedure, reported the melting point as 103°. 
0 I ~ 
b. Preparation of Allylcinnamic Acid 
lyridine 
p peridine• 
A sample of piperidine (Eastman Kodak Co. #P687) was dried 
for twelve hours over calcium hydride, filtered, and distilled. 
A fraction boiling at 106.4° was collected under anhydrous con-
ditions. 
Pyridine (Baker, C .P .) was dried for twelve hours over 
calcium hydride, filtered, and distilled. Material boiling 
at 115° was collected under anhydrous conditions. 
A 500 ml. round-bottomed flask having a thermometer well 
was equipped with a reflux condenser and a calcium chloride 
drying tube. The flask was charged with 25.4 grams (0.24 mole) 
of freshly distilled benzaldehyde (b.p. 179°), 300 ml. of dry 
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pyridine, and 20.4 grams (0.24 mole) of dry piperidine. Allyl-
malonic acid (34.5 grams, 0.24 mole) was added and the mixture 
was heated for nineteen hours at 100°. Evolution of carbon 
dioxide was noted during the reaction. The yellow reaction mix-
ture was cooled to room temperature and poured into a mixture 
of 450 ml. of concentrated hydrocP~oric acid and 450 grams of 
ice. A tan solid precipitated and was collected by suction fil-
tration. After drying in air the material weighed 24.0 grams 
(53.2%). A persistent brown impurity was best removed by re-
crystallization from ethanol-water (1:4). The melting point 
of the white crystalline solid obtained was 93-95°. A second 
recrystallization from ligroin (b .p. 60-90°) afforded pure 
white needles melting at 94-95°. The analytical results agree 
well with the calculated values for allylcinnamic acid. 
Calculated for c12H12o2 
Found 
76.57 
76.5 
6.43 
6.5 
c. Preparation of Methyl a-Allylcinnamate 
+ + 
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A solution of 5.00 grams (0.0265 mole) of a-allylcinnamic 
acid in 75 ml. of ether was placed in a one liter Erlenmeyer 
flask and cooled to 0° in an ice-bath. A solution of diazo-
methane in ether, prepared from 20.6 grams (0.20 mole) of nitro-
somethylurea, was added by distillation. The initial increments 
were decolorized immediately with nitrogen evolution due to the 
formation of the methyl ester. The solution containing excess 
diazomethane was left in the refrigerator for fifteen hours. 
Distillation of the ether and excess diazomethane on a 40-50° 
water-bath left a light yellow liquid residue weighing 5.10 
grams. This material was distilled at reduced pressure to give 
4.10 grams of clear, colorless liquid (b.p. 88-91°/0.50 mm.). 
Fractionation through a short, vacuum-jacketed Vigreux column 
gave 3.72 grams of liquid which was collected at 80.5-81.5°/ 
0.15 mm. (n~5 1.5504). The liquid gave a negative test for 
nitrogen and the analytical data correspond approximately to 
the calculated values for methyl a-allylcinnamate. 
Calculated for c13H14o2 
Found 
77.20 
77·0 
The theoretical yield of methyl ester was 5.36 grams, 
thus the crude yield was 95.2% and the distilled yield was 
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To confirm the identity of the methyl ester, 2.00 grams 
(0.00988 mole) of the distilled material was hydrolyzed by re-
fluxing for two hours with a mixture of 1.50 grams (0.0268 mole) 
of potassium hydroxide, 25 ml. of ethanol, and 10 ml. of water. 
The alcohols were removed by distillation; the residue was 
cooled and acidified to pH 2 with dilute hydrochloric acid. 
The yellowish white solid (2.00 grams) which separated was col-
lected by suction filtration and dried in air. 
Two recrystallizations from ethanol-water gave long white 
needles (1.6~ grams, 88.2%) melting at 9~-95°. A mixture of 
this material with authentic a-allylcinnamic acid melted at 
d. Preparation of Methyl ~-Phenyl-5-Allyl-62-
Pyrazoline-5-Carboxylate 
CH2CH=CH2 ~CH==b-coOH + 2CH2N2 
CH2CH=CH2 
-- 01H-t-COOCH3 + N2 
CH N-H 
'N/ 
A solution of 11.00 grams (0.058~ mole) of a-allylcinnamic 
acid in 50 ml. of ether was placed in a one liter Erlenmeyer 
flask. An ethereal solution of diazomethane, prepared from 
~1.2 grams (0.~0 mole) of nitrosomethylurea, was added by dis-
tillation. Nitrogen evolution during the initial stages of 
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the reaction indicated formation of the methyl ester. After 
the addition of diazomethane had been completed, the solution 
was allowed to stand in the refrigerator for tl'.tr·"~:· six days. 
Ether and excess diazomethane were then removed by distilla-
"'::ic:l ::;n a 4-0-50° water-bath, leaving 18 .lrO grams of yellovl 
liquid which still contained ether. vJhen distillation was at-
tempted at 0.05 mm. the pressure slowly rose as the bath tem-
perature was increased. A colorless liquid (A) weighing 5.15 
grams was collected at 74--93°/0.05-0.50 w.m. Distlllation was 
then halted and the material in the still pot heated at atmos-
pheric pressure. A brief decomposition occurred at 120-165°. 
The liquid then distilled at 94--114-0 /0.20 mm. (B). 
Fractions (A) and (B) were then combined and added to 
similar fractions isolated from previous small scale experj.ments. 
The total amount of liquid (15 .14- grams) was then fractionally 
distilled. 
Fraction Boiling Point Weight Refractive Index Percent 
I 74-.5-78°/0.07 mm. 2.4-8 g. 25 4-nD 1.5 68 16.4-% 
II 78-80°/0.07 mm. 9.26 g. n65 1.5504- 61.2% 
III 116°/0.25 mm. 2.70 g. solid 17.8% 
Fractions I and II consisted of methyl a-allylcinnamate (b. p. 
80.5-81.5°/0.15 25 \. mm., nD 1.550~). Recrystallization of a por-
tion of fraction III from ether using a dry ice-acetone freezing 
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mixture for cooling gave a white solid melting at 61-63°. Two 
further recrystallizations from petroleum ether (b.p. 30-60°) 
gave fine white needles melting at 63.5-64°. A satisfactory 
analysis for methyl 4-phenyl-5-allyl-62-pyrazoline-5-carboxyl-
ate was obtained. 
Calculated for c14Hl602N2 
Found 
u 
68.83 
69.0 
1..B 
6.60 
6.8 
u 
11.47 
11.3 
The yield of pyrazoline, corrected for the amount of meth-
yl a-allylcinnamate recovered, was 43.6%. 
The infra-red spectrum of the product, which contained the 
characteristic N-H absorption at 3.0 microns, showed that the 
compound existed as the 62-isomer. The isolation of this 3-sub-
stituted pyrazoline as the 62-isomer may be explained by assum-
ing a slow tautomerization during the long (36 days) reaction 
time. A similar observation was made in the case of diethyl 
4-ethoxy-62-pyrazoline-5,5-dicarboxylate (see pages 151-152). 
e. Preparation of 4-Phenyl-5-Allyl-62-Pyrazoline-
5-Carboxylic Acid 
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An 0.80 gram (0.00328 mole) sample of methyl 4-phenyl-5-
allyl-~2-pyrazoline-5-carboxylate was placed in a 100 ml. round-
bottomed flask equipped with a reflux condenser. A solution 
of 0.56 gram (0.010 mole) of potassium hydroxide in 10 ml. of 
water and 10 ml. of methanol was added and the mixture was re-
fluxed for four hours. The alcohol was removed by distillation 
until the vapor temperature reached 100°. The alkaline solu-
tion was cooled to 0° and acidified to pH 2 with dilute hydro-
chloric acid. The voluminous precipitate which separated was 
collected by suction filtration and washed with a few ml. of 
water. It weighed 1.10 grams (moist). Recrystallization from 
methanol-water (1:1) gave 0.51 gram (67.1%) of matted white 
solid melting at 130-133° (decomposed). Two further recrystal-
lizations from the same solvent pair gave fine white needles 
which melted with decomposition at 136-138°. Just before melt-
ing, the solid turned pink and the final melt was deep red. 
The analytical fieures correspond to the calculated values for 
4-phenyl-5-allyl-62-pyrazoline-5-carboxylic acid. 
Calculated for c13H14o2N2 
Found 
!..9. 
67.81 
67.5 
;LB 
6.13 
6.1 
12.17 
12.3 
D. Compounds vfuich Failed to Add Diazomethane 
1. Tetramethvlfu.lgenic Acid 
a. Preparation of Diethyl Terraconate 
(CH3) 2c=o + fH 2COOC 2H5 + KOC(CH3) 2 
CH2COOC 2H5 
(CH3) 2C=y-COOC 2H5 + c2H5oH + (CH3)3coH 
CH2COCK 
HCl ) 
The procedure followed in this preparation is that of 
Overberger and Roberts (77). 
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Anhydrous tertiary butyl alcohol (800 ml.) was placed in 
a two liter, three-necked flask equipped with a reflux conden-
ser, thermometer, and dropping funnel. Small, freshly cut 
cubes of potassium (34.4 grams, 0.88 mole) were added over a 
thirty minute period with occasional cooUng. A mixture of 
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~6.5 grams (0.80 mole) of dry acetone and 17~.2 grams (1.00 
mole) of freshly distilled diethyl succinate was added in drop-
wise fashion to the refluxing solution of potassium tertiary 
butoxide. Thirty minutes were required for the addition. 
After refluxing for an additional thirty minutes, the solvent 
was removed by distillation at ~5-55° under reduced pressure 
(water aspirator). The light brown liquid residue was cooled 
and acidified to pH 2 with dilute hydrochloric acid. Extrac-
tion with four 75-ml. portions of ether gave a solution con-
taining the product in addition to unreacted diethyl succinate. 
Extraction of the ether layer with four 100-ml. portions of 
10% sodium bicarbonate solution removed the desired half-ester. 
The aqueous alkaline solution was acidified to pH 2 with dilute 
hydrochloric acid and extracted with four 75-ml. portions of 
ether. After one washing with 75 ml. of water, the ether ex-
tracts were dried over magnesium sulfate. The drying agent 
was removed after twenty four hours by gravity filtration and 
the ether distilled from the filtrate. The residue was placed 
in a two liter flask with 1000 ml. of absolute ethanol. Anhy-
drous hydrogen chloride (100 grams) was bubbled into the ethanol 
solution which was then left at room temperature for twenty 
four hours. Ethanol was removed by distillation at reduced 
pressure (water aspirator) and the brown liquid residue was 
distilled through a 15 em. Vigreux column. A 106.1 gram (62%) 
fraction was collected at 127-130°/11 mm. (n~5 1-~~93). Redis-
tillation gave a pure sample distilling at 73-75°/0.5 mm. 
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(n~5 1.4522). The reported boiling point for diethyl terra-
conate is 87°/1.3 mm. (n~0 1.4537) (58). 
b. Preparation of Tetramethylfulgenic Acid 
(CH3) 2C=O + (CH3 ) 2c~-COOC2H5 + KOC(CH3)3 
CH2COOC 2H5 
L NaOH, H24 2. HCl 
A one liter, three-necked flask was equipped with a mer-
cury-sealed stirrer, dropping funnel, and a reflux condenser 
protected with a calcium chloride drying tube. Anhydrous ter-
tiary butyl alcohol (400 ml.) was placed in the flask and 16.0 
grams (0.41 mole) of freshly cut cubes of potassium was added 
over a twenty minute period. The alcohol solution was heated 
to a gentle reflux and a mixture of 80.0 grams (0.37 mole) of 
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diethyl terraconate and 24.0 grams (0.41 mole) of dry acetone 
was added in dropwise fashion with stirring. The addition re-
quired thirty minutes. The resulting mixture was refluxed for 
one hour. The solvent was then removed by distillation under 
reduced pressure (water aspirator). Dilute hydrochloric acid 
(100 ml.) was added to the cooled solution causing separation 
of two layers. The organic phase was separated and the aqueous 
solution extracted with three 75-ml. portions of ether. The 
ether extracts and the organic phase were combined and extracted 
with three 100-ml. portions of 10% sodium bicarbonate solution. 
Acidification of the alkaline solution with dilute hydrochloric 
acid resulted in the appearance of an upper layer. This layer 
was separated and the acidic aqueous layer extracted with three 
75-ml. portions of ether. The combined extracts were distilled 
on a steam-bath to remove ether. 
The residue was hydrolyzed by refluxing for four hours 
with 100 ml. of 20% sodium hydroxide solution. The resulting 
hydrolysis mixture was cooled and acidified to pH 2 with dilute 
hydrochloric acid. The yellow-white solid (17.4 grams,23.5%) 
which separated was collected by suction filtration and dried 
in air. Two recrystallizations from ethyl acetate gave a 
white crystalline solid melting at 234-235°. Stobbe (103) 
reported the melting point of tetramethylfulgenic acid as 230°. 
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c. Preparation of Dimethyl Tetramethylfulgenate 
+ 
Tetramethylfulgenic acid (5.0 grams, 0.025 mole) was sus-
pended in 150 ml. of ether. After cooling to 0° in an ice-bath, 
a solution of diazomethane in ether, prepared from 20.6 grams 
(0.20 mole) of nitrosomethylurea, was added by distillation. 
Vigorous evolution of nitrogen was noted during the initial 
stages of the addition. The deep yellow homogeneous solution 
was allowed to stand for sixteen days in the refrigerator. A 
large excess of diazomethane and the ether were removed by dis-
tillation on a 40-45° water-bath leaving 5.3 grams (94%) of 
viscous yellow liquid which solidified on standing to a yellow-
white solid. Recrystallization from petroleum ether gave a 
white crystalline solid in excellent yield melting at 75-76.5°. 
Two more recrystallizations from the same solvent gave a pure 
sample melting at 76-77°. 
Calculated for c12H18o4 
Found 
63.70 
64.0 
8.02 
s.o 
The identity of the· ester was confirmed by hydrolysis to 
tetramethylfulgenic acid. A solution of 1.0 gram (0.0044 mole) 
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of the ester in 20 ml. of methanol, 20 ml. of water, and 2.0 
grams (0.050 mole) of sodium hydroxide was refluxed for seven 
and one-half hours. The methanol was removed by distillation 
and the aqueous residue cooled in an ice-bath. Acidification 
with dilute hydrochloric acid to pH 2 gave a white precipitate 
whi.ch was collected by suction filtration and dried in air. 
It weighed 0.86 gram (98%) and melted at 23~-235°. Recrystal-
lization from ethyl acetate gave a pure white solid of unchanged 
melting point. A mixture of this sample with authentic tetra-
methylfulgenic acid melted at 23~-235°· 
2. Reaction of Diazomethane with Angelic Acid 
a. Preparation of Tiglic Acid Dibromide 
H 
I 
Br-C-CH3 I 
CH3-C-Br I 
COOH 
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Into a 250 ml. round-bottomed flask equipped with a reflux 
condenser was placed a mixture of 42.50 grams (0.425 mole) of 
tiglic acid (see pages 137-138 for preparation) and 67.85 grams 
(0.425 mole) of bromine dissolved in 84 ml. of carbon tetra-
chloride. The solution was allowed to stand at room tempera-
ture for twelve hours; then refluxed gently for two hours. 
Evaporation of the resulting orange solution gave 99.60 grams 
(89.2%) of crude tiglic acid dibromide. A sample recrystallized 
from petroleum ether (b.p. 35-75°) gave •rhite crystals melting 
at 87-88°. The reported melting point is 82-88° (33). 
b. Preparation of p-Bromoangelic Acid 
H 
I 
Br-C-CH3 I 
CH3-c-Br I 
COOH 
1. KOH, K2co3 2. HCl • 
CH3-u-Br 
HOOC-C-CH3 
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Crude tiglic acid dibromide (90.00 grams, 0.346 mole) 
was dissolved in 60 ml. of methanol in a one-liter, round-bot-
tomed flask equipped with a reflux condenser. A solution of 
122.0 grams (2.22 moles) of potassium hydroxide in 400 ml. of 
methanol was added. Nine grams of potassium carbonate \•:as added 
in accordance with the directions of Buckles and Nock (33) who 
asserted that this compound was effective in the suppression 
of decarboxylation. The solution was heated to 55° for two 
hours, then allowed to cool to room temperature. Carbon di-
oxide was bubbled through the alkaline mixture for three hours 
to convert excess potassium hydroxide to the carbonate. The 
solution was filtered by suction and the precipitate was washed 
with 4oo ml. of warm methanol. The combined filtrate and wash-
ings were distilled to dryness at reduced pressure (water aspi-
rator). The residue wa.s dissolved in 100 ml. of \vater and 
acidified to the Congo Red endpoint with 6N hydrochloric acid. 
The off-white precipitate was collected by suction filtration, 
dried in air, and recrystallized from ethanol-water (1:4) using 
decolorizing carbon. Long, white needles (38.20 grams, 59%) 
were obtained which melted at 93-94°. The reported melting 
point of p-bromoangelic acid is 92-94.5° (33). 
c. Preparation of Angelic Acid 
1. Na-Hg t 
2. HCl 
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A suspension of 5.50 grams (0.0307 mole) of ~-bromoangelic 
acid in 45 ml. of water was placed in a 150 ml. flask equipped 
with a stirrer and thermometer. The contents of the flask 
were maintained at 0-5° with an ice-bath while 100 grams of 10% 
sodium amalgam (0.445 gram atom of sodium) was added in small 
portions with vigorous stirring. The mixture was stirred for 
twenty five hours at room temperature after the addition was 
completed. After being allowed to stand for an additional fif-
teen hours, the mercury was removed by gravity filtration and 
rinsed with a few ml. of water. The combined filtrate and wash-
ings were cooled in an ice-bath and acidified to the Congo Red 
endpoint by dropwise addition of concentrated hydrochloric acid. 
A white crystalline precipitate which separated was collected 
by suction filtration and dried in a desiccator over calcium 
chloride. The crude dry product (1.97 grams, 64.2%) was re-
crystallized from 10 ml. of petroleum ether (b.p. 35-75°) to 
give large white plates of angelic acid melting at 45.5-46.5°. 
Buckles and Mock report the melting point as 44-46° (33). 
d. Reaction of Diazomethane with Angelic Acid 
+ 
CH3-n-H 
CH3ooc-C-CH3 
+ 
A solution of 1.00 gram (0.0100 mole) of angelic acid in 
25 ml. of ether was placed in a 500 ml. Erlenmeyer flask. An 
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ethereal solution of diazomethane, prepared from 20.6 grams 
(0.20 mole) of nitrosomethylurea, was added by distillation. 
The addition of the first portion of the reagent was accompanied 
by loss of nitrogen due to formation of the methyl ester. The 
yellow solution was left standing in the refrigerator for forty 
eight hours. A considerable excess of diazomethane and all but 
25 ml. of the ether were distilled on a 40-50° water-bath. The 
residue was placed in a one-piece distilling apparatus having 
a 10 em. Vigreux column. Residual ether was distilled at at-
mospheric pressure using a 45° oil-bath as a heat source. A 
1-2 ml. residue of faintly yellow liquid remained. When an at-
tempt was made to distill this material at 1.0 mm. (bath tem-
perature at 35°), no product condensed in the water-cooled con-
denser. However, 0.85 gram (74.5%) of colorless liquid was 
isolated in the dry ice-cooled trap. This substance (n~5 1.4284) 
did not contain nitrogen and had a penetrating odor similar to 
that of methyl tiglate. The amount of material did not permit 
determination of the boiling point but the refractive index, 
odor, and absence of nitrogen indicated the presence of methyl 
angelate (lit. n~5 1.4321) (75). 
3· Attempts to Add Diazomethane to Vinyl Acetate, 
Isopropenyl Acetate, Vinyl Benzoate, D1ethyl 
Terraconate, and n-Butyl-3,5-Dimethylsorbate 
186 
The compounds listed in Table XI were found to be unreac-
tive with respect to the addition of diazomethane when treated 
according to the following general procedure. 
The compound was diluted with ether (4 ml. per eram) and 
placed in a one liter Erlenmeyer flask. A 100% excess of di-
azomethane, prepared in the usual manner from nitrosomethylurea, 
was then added by distillation and the solution left in the 
refrigerator for the indicated time. After removal of the 
ether and unreacted diazomethane by distillation on a 40-45o 
water-bath, the residue was purified by distillation. 
TABLE XI 
Experimental Data from Attempts to Add Di_azomethane to 
Miscellaneous Unsaturated Esters 
Formula Boiling Refractive Grams Moles Reaction 
(a) 
CH3COOCH=CH2 
fH3 
CH3COOC=CH2 
(b) 
©-COOCH=CH2 
CH2COOC 2H5 I (CH3 ) 2c=C-COOC 2H5 
CH3 (c) I (CH3 ) 2c= CHC=CHCOOC4-H9 
Point 
72-73° 
96-97° 
72-76°1 
8 mm. 
73-75°/ 
0. 50 mrn. 
59-61°/ 
0.20 mm. 
Index 
n25 
D 
1-3929 
1-3961 
1. 524-3 
1.4-510 
1.4-724-
(a) The Matheson Co., Inc. 
(b) Monomer -Polymer, Inc. 
(c) Carbide and Carbon Co. 
Taken Time 
(Days) 
20.0 0.23 4-5 
15.0 0.15 32 
10.0 0.068 5 
21.4- 0.10 16 
19.6 0.10 4-4-
Grams Percent 
Recovered Recovered 
15.2 76.0 
14-.3 95-3 
7-6 76.0 
18.0 84-.1 
16.5 84-.2 
Boiling Refractive 
Point 
71-73° 
95-97° 
7!0/ 
6.5 mm. 
73-75°1 
0.50 mm. 
59-6!0/ 
0.20 mrn. 
Index 
n25 
D 
1-3922 
1.3960 
1. 524-6 
1.4-522 
1.4-720 
1-" 
co 
-...:1 
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~. Reaction of Methanol with Vinyl Benzoate in the 
Presence of Diazomethane. 
ether 
miscellaneous products 
A solution of vinyl benzoate (25.00 grams, 0.169 mole) in 
200 ml. of methanol was placed in a one liter Erlenmeyer flask. 
Diazomethane in ether, prepared from ~1.2 grams (0.~0 mole) of 
nitrosomethylurea, was added by distillation and the deep yel-
low solution was placed in the refrigerator. On standing over-
night, the solution became colorless. A second distilled diazo-
methane solution, also prepared from ~1.2 grams of nitrosometh-
ylurea, was added in the same manner. In twenty four hours the 
solution was again colorless. Ether and excess methanol were 
removed by distillation on a ~-50° water-bath using reduced 
pressure (water aspirator). A faintly yellow liquid residue 
weighing 22.00 grams (95.6%) remained. Distillation of this 
material using a 20 em. Vigreux column gave 21.~ grams (93.0%) 
of clear, colorless liquid collected at 76-80°/9 mm. (n~5 1.5139). 
The product gave a weak test for unsaturation when tested with 
1% potassium permanganate solution. The reported constants for 
methyl benzoate are b.p. 81°/12 mm. (57),(n~0 1.516~) (108) 
while those for vinyl benzoate are b.p. 80°/12 mm. (51), 
1tlhen a 9.25 gram sample of the product v1as redistilled at 
atmospheric pressure, 6.67 grams was collected at 192-194° 
(n~51.5146). Methyl benzoate boils at 199.2" (corrected) at 
atmospheric pressure (59). The liquid still gave a faint test 
for unsaturation when treated with 1% potassium permanganate. 
A 5.00 gram (0 .0367 mole) sample was hydrolyzed by refluxine; 
for three hours with a solution of 3.00 grams (0.0750 mole) of 
sodium hydroxide in 30 ml. of water. Distillation of the hydro-
lysate to a vapor temperature of 100° removed the alcohol. An 
attempt to prepare the 3,5 dinitrobenzoate derivative of the 
alcohol according to the method of Shriner and Fuson (93) was 
not successful probably because of the small amount of material 
at hand. The basic solution was cooled to o• in an ice-bath 
and acidified to pH 2 with dilute hydrochloric acid. The white 
crystalline solid which separated was collected by suction fil-
tration and dried in air. It weighed 3.60 grams (80.4%) and 
melted at 120.5-121.5° after one recrystallization from water. 
The melting point was not depressed by admixture with authen-
tic benzoic acid. 
Final confirmation of the identity of the product with 
methyl benzoate was secured by oxidative destruction of the 
unsaturated contaminant and comparison of the infra-red spec-
trurn of the product with that of authentic methyl benzoate. 
A 5.00 gram portion of the original distillate was placed in 
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a 250 ml. round-bottomed flask and cooled to 0° in an ice-bath. 
A 2% potassium permanganate solution was added in small portions 
with vigorous stirring until the permanganate color persisted. 
Sodium bisulfite was added to destroy the excess potassium per-
manganate and the precipitated manganese dioxide was removed 
by suction filtration. Occluded ester was removed from the 
precipitate by trituration with ether. The original aqueous 
filtrate was extracted with three 25-ml. portions of ether. 
The combined ether extracts were dried over magnesium sulfate, 
filtered, and the ether removed by distillation on a steam-bath. 
A colorless liquid residue (1.63 grams, 32.6%) remained which 
possessed the odor of methyl benzoate and did not react with 
1% potassium permanganate solution. Its infra-red spectrum 
was identical with that of authentic methyl benzoate. 
E. Preparation and Decomposition of the Dipyrazolines 
1. N,N'-Methylene-bis-(3-Methyl-~1-Pyrazoline-3-
Carboxamide) 
191 
a. Preparation of N ,N 1-Nethylenebismethacrylamide 
IH3 
2CHrC-CONH2 + HCHO 
HCl , + 
A mixture of 170.2 grams (2.00 moles) of methacrylamide 
(Monomer-Polymer, Inc.), 30.03 grams (1.00 mole) of trioxymeth-
ylene (Eastman Kodak #421), 400 ml. of ethylene chloride (Math-
eson Coleman and Bell, Inc. #5636) and 2 ml. of concentrated 
hydrochloric acid was placed in a one liter flask equipped with 
a moisture test receiver and a reflux condenser. The slurry 
was refluxed for one hour with continuous removal of water as 
the ethylene chloride-water azeotrope. The reaction product 
was then cooled in an ice-bath and filtered by suction to give 
136.1 grams of faintly yellow solid. Concentration of the 
mother liquors afforded an additional 10.00 grams of material 
making the total crude yield 146.1 grams (80.2%). Recrystalli-
zation from ethylene chloride gave white crystals melting at 
164° with immediate resolidification when placed in a preheated 
bath. The melting point of N,N 1-methylenebismethacrylamide 
recorded in the literature is 164-165° with polymerization (69). 
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To confirm the identity of the preparation, 0.50 gram of 
the product was allowed to stand at room temperature for twelve 
hours with excess bromine in carbon tetrachloride. Evaporation 
of the solution in air gave the tetrabromo derivative, a white 
solid which melted at 205.5-206.5° after two recrystallizations 
from absolute ethanol. Feuer and Lynch (41) report the value 
as 206-206.5°. 
b. Preparation of N,N'-Methylene-bis-(3-Methyl-
61-Pyrazoline-3-Carboxamide) 
lH3 lH3 IH3 
(CH2 C-CONH-) 2cH2 + 2CH~2---+ IH2-y-CONHCH2NHOC-~--,H2 
CH2 N N CH2 
'\.N/ \N/ 
A freshly recrystallized sample (26.00 grams, 0.143 mole) 
of N,N 1 -methylenebismethacrylamide dissolved in 300 ml. of 
dimethylformamide (Eastman Kodak #5870) was placed in a one 
liter Erlenmeyer flask. An ethereal solution of diazomethane, 
prepared from 81.4 grams (0.80 mole) of nitrosomethylurea, was 
added by distillation. After four days in the refrigerator the 
excess diazomethane and ether were removed by distillation on 
a 4o-60° t~ater-bath. Dimethylformamide and residual ether were 
then distilled at 72-74° under reduced pressure (water aspira-
tor). The residue, which still contained traces of dimethyl-
formamide, solidified on cooling to a somewhat sticky yellowish 
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white solid weighing 45.50 grams (theoretical yield - 38.08 
grams). Recrystallization from a large volume of ethylene 
chloride gave 32.20 grams (84.6%) of a white solid which melted 
at 132-138°. When 5.00 grams of this material was recrystal-
lized from a large volume of ethyl acetate, there was obtained 
a 4.70 gram (94%) yield of white crystals which melted at 153-
1560 with gas evolution. One fUrther recrystallization from 
the same solvent gave white crystals melting at 156.5-158.5° 
with gas evolution. The analytical figures for this material 
agree well with the values calculated for N,N'-methylene-bis-
(3-methyl-61-pyrazoline-3-carboxamide). 
Calculated for c11H18o2N6 
Found 
6.81 
7.0 
2Lli 
31.56 
31.4 
This compound appeared to be quite unstable, perhaps be-
' , cause of the ,.N-CH2-N, grouping. For example, repeated 
recrystallizations of the crude product from a variety of sol-
vents such as ethylene chloride, ethyl acetate, carbon tetra-
chloride, and absolute ethanol led in many cases to products 
of lower melting point and wider melting range. 
A 3.00 gram (0.0113 mole) sample of the product was placed 
in a 50 ml. flask equipped with a reflux condenser. Heating 
the contents in an oil-bath from 160° to 180° over a two hour 
period resulted in a brisk decomposition. On be1!1E allo,,..,ed to 
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cool, the melt .solidified to a white substance weighing 2.20 
sram.s (92.3%). The mixture melted over a wide range (125-
1460), took up bromine, and reacted with 1% pota.s.sium perman-
ganate .solution. Attempt.s to isolate a pure fraction by recry.s-
tallization from variou.s solvent.s, including ethyl acetate, 
ab.solute ethanol, and methanol were not .succe.s.sful. Po.s.sible 
component.s of the mixture are .shown below. 
IH3 rH3 
C~~C-CONHCH2NHOC-C'\-------;fcH2 
CH2 CH2 
2. N,N'-Ethylene-bis-(3-Methyl-61 -Pyrazoline-3-
Carboxamide) 
a. Preparation of Nethacrylyl Chloride 
(i) Nethod A 
+ SOC1 2 ----+ + + HCl 
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The procedure followed in this preparation was essentially 
that of Lal and Green (65). 
Methacrylic acid (Monomer-Polymer, Inc.) (258 grams, 3.00 
moles) and cuprous chloride (1.5 grams) were placed in a one 
liter, three-necked flask equipped with a reflux condenser, 
thermometer, and dropping funnel. The reflux condenser was 
fitted with a calcium chloride drying tube. An egg-shaped, 
teflon coated magnet was placed in the flask and the contents 
were stirred throughout the reaction by a motor driven magnet. 
Thionyl chloride (Eastman Kodak #616) (357 grams, 3.00 moles) 
was run in rapidly. The endothermic reaction caused the tem-
perature to fall from 25° to 9°· Gas evolution was noted. The 
mixture was allowed to stand for twelve hours at room tempera-
ture and then gently refluxed for one hour. The product was 
fractionated through a 20 em. Vigreux column and a water-white 
portion weighing 228.4 grams (72.8%) and distilling at 97-100° 
was isolated (n~ 5 1.4397). Lal and Green recoEd the boiling 
point as 98.4°/772 mm. (n~5 1.4405). Cuprous chloride (0.5 
gram) was added as a stabilizer. 
(ii) Method B 
IH3 
CH2 C-COOH + 
CH I 3 
CH;:;-C-COCl + 
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The preparation of methacrylyl chloride described below 
has been reported by Heyboer and Staverman (52). 
Into a one liter, tr~ee-necked flask equipped with a stir-
rer, dropping funnel, and thermometer was weighed 424 grams 
(2.40 moles) of benzenesulfonyl chloride. A mixture of 158 
grams (2.00 moles) of dry pyridine and 172 grams (2.00 moles) 
of freshly distilled methacrylic acid was added to the flask 
in dropwise fashion with ice-bath cooling and stirring. The 
temperature was held at 15-20° throughout the two hour addition 
period. Distillatjon of the viscous red solution at diminished 
pressure (water aspirator) gave a 208 gram (99%) fraction boil-
ing at 65-100°. Further fractionation of this material at at-
mospheric pressure using a 20 em. Vigreux column gave 145 grams 
(69.5%) of a water-white liquid distilling at 98-102° (n~5 1.4400). 
The reported (65) boiling point is 98.4°/772 rr~'ll· (n05 1.4405). 
Considerable loss was experienced in this distillation due 
to polymerization of the product in the still pot to a trans-
parent gel. 
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b. Preparation of N,N 1-Ethylenebismethacrylamide 
(C2H5)3N ~ 
ClCH2CH2Cl 
CH3 
(CH2 !-CONHCH2-) + 2HC1 2 
Into a 500 ml. round-bottomed flask equipped with stirrer, 
dropping funnel, and reflux condenser was placed 11.6 grams 
(0.193 mole) of freshly distilled ethylenediamine (Eastman Kodak 
#1915), 300 ml. of ethylene chloride, and 39.3 grams (0.388 mole) 
of triethylamine (Eastman Kodak #616). The mixture was cooled 
to 0° in an ice-bath and ~0.5 grams (0.387 mole) of freshly dis-
tilled methacrylyl chloride was added dropwise with stirring. 
The temperature was held at 10-20° throughout the addition. One 
hour was required for the addition after which the solution was 
stirred at room temperature for two hours. A white precipitate 
which had formed during the reaction was removed by suction fil-
tration. It was triturated with 300 ml. of 10% sodium hydroxide 
solution and again filtered. The white solid obtained was main-
ly product. The basic solution was extracted with four 100-ml. 
portions of ether to remove triethylamine. The ether solution 
was dried for five hours over magnesium sulfate, the drying agent 
removed by filtration, and the filtrate distilled to dryness at 
reduced pressure (water aspirator) to obtain a small amount of 
crude product. The basic solution was next extracted with five 
100-ml. portions of chloroform which were combined with the ini-
tial ethylene chloride filtrate. Flash distillation of the 
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chloroform-ethylene chloride solution afforded a further quan-
tity of the bisamide. The crude yield of white solid was 22.9 
grams (60.4%). Recrystallization from ethylene chloride gave 
long white needles melting at 169-170°. A second recrystalli-
zation from the same solvent afforded an analytical sample 
melting at 170-171°. 
Calculated for c10H16o2N2 
Found 
L£ 
61.20 
61.4 
u 
8.22 
8.3 
2L1I 
14.28 
14--3 
N,N 1 -Ethylenebismethacrylamide has not previously been 
reported in the li.terature. It is moderately soluble in water 
and in ethanol; sparingly soluble in ether. A carbon tetra-
chloride solution of the compound takes up bromine readily. 
A tetrabromo derivative was prepared by dissolving 1.00 
gram of N,N 1-ethylenebismethacrylamide in 15 ml. of glacial 
acetic acid and adding 3.00 grams of bromine. After one hour 
the mixture was poured into 100 ml. of water with vigorous 
stirring. The light brown solid which separated was collected 
by suction filtration and dried in air. The crude product 
weighed 2.3 grams (89%). Three recrystallizations from abso-
lute ethanol afforded white needles melting at 150-151°. 
Calculated for c10H16o2N2Br4 
Found 
% Br 
61.96 
61.9 
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c. Preparation of N.N'-Ethylene-bis-(3-Methyl-
61-Pvrazoline-3-Carboxamide) 
2 
N,N 1 -Ethylenebismethacrylamide (11.30 grams, 0.0573 mole) 
was dissolved in 200 ml. of dimethylformamide (Eastman Kodak 
#5870) in a one liter Erlenmeyer flask. The contents of the 
flask were cooled to 0° in an ice-bath and an ethereal solution 
of diazomethane, prepared from 41.2 grams (0.40 mole) of nitro-
somethylurea, was added by distillation. The deep yellow solu-
tion was left standing at room temperature for three days. 
Excess diazomethane and ether were then removed by distillation 
on a 50-60° water-bath. The faintly yellow residue was then 
distilled at reduced pressure (water aspirator) to remove di-
methylformamide. A 16.19 gram (100%) yield of crude product 
was isolated which melted at 138-143° with gas evolution. 
Recrystallization from a large volume (250 ml.) of ethyl ace-
tate gave 13.62 grams of a pure white powdery solid melting at 
140-143° with gas evolution. An analytical sample was secured 
by further recrystallization from dimethylformamide followed by 
a final recrystallization from ethyl acetate. The melting point 
of the white needles obtained was 149-150°, 
Calculated for c12H20o2N6 
Found 
1...Q 
51.41 
51.2 
7-19 
7-1 
200 
<g N 
29-98 
29.8 
A 10.00 gram (0.0357 mole) sample of the dipyrazoline was 
placed in a 100 ml. round-bottomed flask equipped with a re-
flux condenser. The contents of the flask were heated to the 
melting point in an oil-bath. Gas e\rolution, noted at the 
melting point, became more vigorous as the temperature of the 
bath was slov1ly raised. At 164° the reaction became toe vio-
lent and the flask was removed from the heating bath. Before 
cooling could be effected the entire sample decomposed with 
explosive violence. The solid product which remained was 
rinsed from the apparatus with hot methanol. Evaporation of 
the methanol solution to dryness gave 4.45 grams (55-5%) of 
yellow-white solid. Repeated recrystallizations of this mix-
ture from methanol gave a 0.70 gram fraction of white, nicely 
crystalline product which was, however, still impure as evi-
denced by the wide melting range (190.5-206°). 
Essentially the same results were obtained when a con-
trolled decomposition was performed in the mar~er described 
below. 
Three grams (0.0107 mole) of the dipyrazoline was dissolved 
in 25 ml. of dimethylformamide and placed in a 100 ml. round-
bottomed flask equipped with a reflux condenser. The tempera-
ture of the solution was slowly raised to the reflux temperature 
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of the solvent (150-152°) by use of an oil-bath. Refluxing 
was continued for four hours. Evaporation of the light yellow 
solution to dryness in an air stream gave 2.26 grams (94.2%) 
of yellow-white solid which melted at 170-205°. One recrystal-
lization from a small volume of dimethylformamide gave 1.43 
grams of white solid (m.p. 190-205°). Three further recrystal-
lizations of this material from methanol yielded 0.72 grams 
(30%) of white, rhombic crystals which melted at 208-211° but 
were not analytically pure. 
Calculated for c12H20o2N2 
Found 
64.25 
63.5 
The high nitrogen and low carbon values obtained suggested 
contamination of the product with the pyrazole derivative. 
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3. I\eaction of Diazomethane with 2-1-iethacrylamido-
ethyl ]Jiethacrylate 
a. Preparation of 2-l,:ethacrylamidoethvl Neth-
acrvlate 
TH3 
2CH;F"C-COC1 + 
A one liter, three-necked flask was equipped with a ther-
mometer, reflux condenser, and dropping funnel. An egg-shaped, 
teflon coated magnet was placed in the flask. Ethanolamine 
(24-.4-3 grams, 0.4-00 mole) (East"lan Kodak 7¥1597), triethylamine 
(86.01 grams, 0.850 mole) (Eastman Kodak i¥616), 300 ml. of 
chloroform, and 3.00 grams of cuprous chloride were added. 
The solution was cooled to 0° in an ice-bath and methacrylyl 
chloride (83.63 grams, 0.800 mole) was added with rapid stir-
ring. The first stage of the reaction was very exotllermic and 
the te::;,c:;rCJh::re Has held at 10-15° by 'lery sl'"JH addition of the 
acid chloride. The last half of the reacent was added rapidly 
at 8-9°. The slurry \vas stirred for one hour at 0°; then slow-
ly heated to 50° over a thirty minute period. After cooling 
to room temperature the mixture was filtered to remove precipi-
tated triethylamine hydrochloride. The pink chloroform filtrate 
was washed with two 100-ml. portions of water and dried over 
magnesium sulfate. The drying agent was removed by filtration 
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and the filtrate evaporated at room temperature to a thick 
syrup. One gram of cuprous chloride was added to the liquid 
which was then distilled at reduced pressure. A low-boiling 
fraction (4.11 grams) was collected at 26-35°/0.07 mm. (nE51.4468). 
The major fraction (34.75 grams, 44.1%) distilled at 111-112°/ 
0.20 mm. (nE5 1.4843). Considerable loss was experienced due 
to polymerization during distillation. The major fraction, a 
colorless, viscous liquid, gave analytical data corresponding 
closely to the calculated values for 2-methacrylamidoethyl 
methacrylate. 
Calculated for c10H15o3N 
Found 
!..Q 
60.89 
60.8 
b. Addition of Diazomethane to 2-Methacrylamido-
ethyl Methacrylate 
IH3 IH3 
CH2--C-CONHCH2cH200C-C==CH2 + 2CH2N2 
The exploratory experiment discussed below, while not 
notably successful, is included here for the purpose of re-
cording the observed experimental data, and as a guide for 
future work. 
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Freshly distilled 2-methacrylamidoethyl methacrylate (5.00 
grams, 0.0254 mole) was diluted with 25 ml. of ether and placed 
in a 500 ml. Erlenmeyer flask. An ethereal solution of diazo-
methane, prepared from 20.6 grams (0.20 mole) of nitrosomethyl-
urea, was added by distillation and the deep yellow solution 
obtained was left in the refrigerator for fifty hours. A small 
amount of oily liquid separated during this period. The con-
tents of the flask were transferred to a 500 ml. round-bottomed 
flask and the ether and excess diazomethane were removed by 
distillation using a 45° water-bath. The final traces of sol-
vent were distilled at reduced pressure (water aspirator) leav-
ing 6.93 grams (96.9%) of faintly yellow viscous liquid. 
The crude product was dissolved in 25 ml. of chloroform 
and passed through a 12 x 1 em. column containing alumina 
(Merck- aluminum oxide for chromatographic use). The clear, 
colorless eluate was distilled at reduced pressure (water aspira-
tor) using a 40° water-bath as the heat source. A water-white 
viscous liquid remained which weighed 6.49 grams (90.7%). 
Three grams of this product viaS dissolved in a mixture of 5 ml. 
of ethyl acetate and 10 ml. of ether, filtered, and the fil-
trate chilled in a dry ice-acetone freezing mixture. The white 
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crystalline solid which separated was rapidly filtered using a 
chilled Buchner funnel. As soon as the temperature of the fun-
nel rose to 10-25° the solid melted to a colorless liquid 
(2.30 grams, 76.7%). After removing residual solvents by heat-
ing the liquid in a 50° water-bath under reduced pressure for 
one hour, the product was passed through dry filter paper to 
remove any moisture. The refractive index was n~5 1.4912. 
Analysis indicated that the product was still impure. 
Calculated for c12H19o3N5 
Found 
Uf 
6.81 
6.8 
% N 
24.90 
22.4 
An attempt to distill a 2.20 gram (0.00782 mole) sample 
of the product obtained from the alumina column at reduced 
pressure had to be discontinued when decomposition of the sam-
ple vias noted at 90°. On heating at atmospheric pressure a 
brisk decomposition was noted at 90-150°. Distillation of the 
decomposed residue gave 1.37 grams (77.8%) of viscous, faintly 
yellow liquid collected at 115-116°/0.100 rnm. (n~5 1.4842). 
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~. Ethylene-bis-(3-Methyl-61 -Pyrazoline-3-Carboxylate) 
a. Preparation of the Pyrazoline 
IH3 
(CH2 C-COOCH2-) + 2CH2N2 --+ 2 
CH3 CH, I I -
CH2- C-COCCH2CH 200C-C-- CH2 I I -· · I I 
CH2 N N CH2 ~N, \N/ -
The aim of this experiment was to prepare an a10.alytically 
pure sample of ethylene-bis-(3-methyl-211-p~>razoline-3-carboxy-
late). In earlier preparations, attempts to distill the adduct 
in vacuo led to decomposition of the material at a bath temper-
ature of 80°. Attempted recrystallizations at low temperatures 
were also unsuccessful; the sample remaining liquid at all tem-
peratures employed. The preparation described below, using 
carefully purified reagents, and makinE use of chromatographic 
adsorption of impurities, proved successful. 
Ethylenedimethacrylate (Monomer - Polymer, Inc.) was r e-
distilled and a pure fraction collected at 58-59°/0.10 mm. 
(n65 1.~517). Five grams (0.0252 mole) of this material was 
diluted with 25 ml. of ether and placed in a 500 ml. Erlenmeyer 
flask. A solution of diazomethane in ether, prepared from 
20.6 grams (0.20 mole) of nitrosomethylurea, was added by dis-
tillation to the ice-cold solution of ester. After two days in 
the refrigerator the excess diazomethane and about three-fourths 
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of the ether were removed by distillation on a 40-45° water-
bath. Residual ether was removed by distillation at room tem-
perature and reduced pressure (water aspirator). A light yel-
low syrup weighing 6.97 grams (98%) was obtained. This material 
was dissolved in 25 ml. of ether and dried over magnesium sul-
fate for five hours. The drying agent was removed by gravity 
filtration and rinsed with a few ml. of dry ether. The com-
bined filtrate and washings were passed through a 10 em. column 
of aluminum oxide (Merck - aluminum oxide for chromatographic 
purposes) contained in a glass column 15 em. long with an inter-
nal diameter of 1 em. A yellow impurity remained adsorbed at 
the top of the column. The clear, colorless eluate was dis-
tilled at 25° under reduced pressure (water aspirator) to remove 
the solvent. The viscous, water-white liquid residue (ng51.4734) 
1 gave the correct analysis for ethylene-bis-(3-methyl-~ -pyrazo-
line-3-carboxylate). 
Calculated for c12H1304N4 
Found 
!..£ 
51.05 
51.0 
1Jj 
6.43 
6.2 
19.85 
19·9 
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1 b. Decomposition of Ethylene-bis-(3-Methyl-6 -
Pyrazoline-3-Carboxylate) 
1H3 lH3 
IH2---,-COOCH2CH200C-l-----TH2 
C\' ;N N \. /CH2 
N N 
IH3 IH3 
----~f.+ C~ /C-COOCH2CH200C-C=CHCH3 
CH2 
+ 2N 2 
A 32.10 gram (0.114 mole) sample of ethylene-bis-(3-methyl-
61-pyrazoline-3-carboxylate) was placed in a 100 ml. round-
bottomed flask equipped with a reflux condenser. The material 
was carefully decomposed by heating in an oil-bath from 80° to 
164° over a four hour period. The crude yield of yellow liquid 
remaining after nitrogen evolution had ceased was 25.60 grams 
(99·3%). Distillation of the product through a 20 em. vacuum-
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jacketed Vigreux column gave the following fractions. 
Fraction Boiling Point Weight Refractive Index 
A 73-74°/0 .09 mm. 1.09 g. 25 4 nD 1.45 0 
B 72°/0.07 mm. 6.18 g. 25 nD 1.4551 
c 73°/0.05 mm. 14.68 g. 25 nD 1.4580 
D Residue 2.43 g. 
The total weight of clear, colorless distillate was 21.95 grams 
(85.7%). The total recovery was 24.38 grams (91.6%). Frac-
tions A - C were found to be unsaturated when tested with 1% 
potassium permanganate solution. Since no significant differ-
ences in either boiling points or refractive indices were noted, 
A- C were combined (ABC). 
(i) Bromination of the Decomposition 
Mixture 
A solution of 7.83 grams (0.0346 mole) of (ABC) in 20 ml. 
of carbon tetrachloride was placed in a 125 ml. Erlenmeyer 
flask and cooled to 0° in an ice-bath. Bromine (5.60 grams, 
0.350 mole) was added and the mixture was allowed to stand at 
0° for three hours; then at room temperature for two hours. 
Evaporation of the excess bromine and solvent gave 11.90 grams 
of viscous yellow liquid. This material was fractionated using 
a one-piece distillation unit having a 10 em. vacuum-jacketed 
Vigreux column. 
Fraction 
I 
II 
III 
Boiling Point 
81-82°/0.30 mm. 
12P/O.l5 mm. 
173°/0.65 mm. 
Weight 
2.59 g. 
6.33 g. 
1.03 g. 
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Percentage 
21.8% 
53.2% 
Redistillation of fraction I gave 1.89 grams of clear, color-
less liquid (b.p. 64-65.5°/0.02 mm., ~5 1.4539) which did not 
give a test for unsaturation when treated with 1% potassium 
permanganate solution. The analytical data agree with the 
values calculated for ethylene-bis-(1-methylcyclopropane-1-
car boxyla te) • 
Calculated for c12H18o4 
Found 
8.02 
8.2 
Fraction II was recrystallized from 10 ml. of petroleum ether 
(b.p. 35-75°) to give white crystals melting at 36.5-40°. A 
second recrystallization from the same solvent afforded clus-
ters of needles melting at 41-43°. The analytical data corres-
pond most closely to values calculated for a mixed decomposition 
product of the type shown below. 
Calculated for c12H1g04Br 2 
Found 
1...£ 
37·33 
37.4 
211 
% Br 
41.40 
41.0 
It seems likely that high-boiling fraction III may consist of 
the ethylene ester of tiglic acid dibromide but efforts to ob-
tain a pure sample were not successful. 
(ii) Hydrolysis of the Decomposition Mixture 
and Bromination of the Mixed Acids 
A 10.00 gram (0.0442 mole) sample of (ABC) was hydrolyzed 
by refluxing for five hours with 7.30 grams (0.130 mole) of 
potassium hydroxide, 30 ml. of water, and 60 ml. of ethanol. 
The alcohol was removed by distilling the hydrolysate until 
the distillate temperature of 100° was attained. The alkaline 
solution was acidified to pH 2 with concentrated hydrochloric 
acid. A second liquid phase separated from the acid solution. 
This was removed and the aqueous layer was extracted with five 
25-ml. portions of ether. The combined extracts were dried 
over magnesium sulfate, filtered, and the ether removed by dis-
tillation on a 40-60° water-bath. The faintly yellow liquid 
residue (ABCl) weighed 8.93 grams (100%). 
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A solution of 3.00 grams (0.300 mole) of (ABCl) in 20 ml. 
of carbon tetrachloride was treated with 6.00 grams (0.0375 
mole) of bromine. After beine allowed to stand for twent~r 
four hours in a zlass-stoppered flask, the solution was evap-
orated in a stream of air. A yellow liquid residue weighing 
3.80 grams was obtained. Fractional distillation using a one-
piece dis tilling unit eave 0. 77 gram of color less liquid (b. p. 
53-55°/0.30 mrn.) which solidified to a white rna ter ial (ABC2) 
in the receiver. A second fraction started to distill at 
87°/0.20 mm. but solidified in the condenser. It was rinsed 
into a receiver with acetone and the solvent evaporated to 
give 1.71 r;rams of "'bite solid (ABC3). The residue in the 
still pot, containing additional (ABC3), weizhed 1.06 grams. 
Compound (ABC2) melted at 34--35°. ~dhen recrystallized 
from 10 ml. of petrole'J£1 ethe:::" (b.p. 30-60°) a pc1re sa::iple 
meltinz at 36.5-37·5° vias obtained. A mixe~l r.:1el ti[l.[; po.tnt 
authentic l-methylc~'clopropane-1-carboxylic acid shovJed no de-
pression. The reported melting points for 1-roethylcyclopropane-
l-carboxylic acid are 28-31° (62) and 29.5-32° (95). These 
values are reproduced in the present study when recrystallized 
but not distilled samples are involved. In the cases where 
isolation of the acid involved distillation, the melting point 
was found to be 36.5-37.5°. 
Compound (ABC3) was recrystallized from petroleum ether 
using a dry ice-acetone freezing mixture to give a white 
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crystalline solid (0.46 gram) melting at 82-85°. A mixture 
of this material with authentic tiglic acid dibromide melted 
at 83-85°. 
The distilled yield of 1-methylcyclopropane-1-carboxylic 
acid (0.77 gram) constitutes 26% of the sample of mixed acids. 
By difference, the amount of tiglj.c acid formed by decomposi-
tion and hydrolysis would constitute 74% of the mixture. The 
quantity of tiglic acid actually obtained in the form of its 
dibromo derivative amounted to only 53% of the theoretical 
yield. A possible explanation for this apparent low yield of 
tiglic acid dibromide lies in the losses of 1-methylcyclopro-
pane-1-carboxylic acid during the lengthy workup. 
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V. SUGGESTIONS FOB FUTUBE WORK 
From time to time during this study a promising avenue 
of research was opened upon which some future work might well 
be expended. Some of these potential research problems are 
enumerated below. 
(1) A thorough study of the mechanism of both the synthe-
sis and the decomposition of pyrazolines should be 
made. 
(2) More work is required on the stereochemistry of the 
addition reaction using carefully selected pairs of 
cis-trans isomers. 
(3) The reduction of simple pyrazolines has been shown 
to give a,~-diamino esters (35). The dipyrazolines 
made available in this research could potentially 
afford an interesting series of bis-a,Y-diamino es-
ters and amides. 
(~) A careful study of the infra-red spectra of the 61-
pyrazolines might throw light on the problem of 
locating the N==N absorption band. In 1953, Le 
' Fevre concluded that there was no characteristic 
N==N absorption band (67). 
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The reaction of diazoalkanes with a,p-unsaturated esters, 
amides, nitriles, ketones, and nitro compounds is known to 
furnish negatively substituted pyrazolines. When the alpha 
"'o carbon atom of the a,p-unsaturated compound 'tS-:b~"l(e.ct,.a group 
other than hydrogen the 61- or azo type pyrazoline is obtained. 
The primary objective of the present work was the extension of 
this synthetic method to the preparation of new types of 61-
pyrazolines which would fOSSa~s certain desired structural 
features. In particular it "'as of interest to prepare a series 
of negatively substituted 61-pyrazolines having centers of 
unsaturation in the substituent groups, and to synthesize a 
number of negatively substituted dipyrazolines, ~••8 ~~ft& 
~-~gwo&illi.wo.. 
The selective addition of one equivalent of diazomethane 
to diolefinic esters, which ; .chttcf:.c- one activated and one 
unactivated double bond, was realized. This high yield pro-
cess made available a new series of pyrazolines having unsat-
uration in substituent groups. Among the compounds prepared 
were: vinyl 3-methyl-61-pyrazoline-3-carboxylate, allyl 3-
methyl-61-pyrazoline-3-carboxylate, allyl 3,4-dimethyl-61-
pyrazoline-3-carboxylate, vinyl 3,4-dimethyl-61-pyrazoline-3-
carboxylate, vinyl 4-methyl-62-pyrazoline-3-carboxylate, meth-
yl 4-phenyl-5-allyl-62-pyrazoline-5-carboxylate, and 4-phenyl-
5-allyl-6 2-pyrazoline-5-carboxylic acid. 
It was demonstrated that, under the usual conditions 
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employed for the reaction, diazomethane fails to add to alkenes 
which are not suitably activated with electron-withdrawing 
groups. This observation made feasible the syntheses of the 
pyrazolines previously mentioned which contained unsaturation 
in substituent groups. 
Three members of a new class of negatively substituted 
61-dipyrazolines were prepared by the addition of two equi-
valents of diazomethane to one equivalent of an appropriate 
diolefin. Thus ethylene dimethacrylate, methylenebismethacryl-
amide, and ethylenebismethacrylamide each added two equiva-
lents of diazomethane with the formation of ethylene-bis-(3-
methyl-61-pyrazoline-3-carboxylate), methylene-bis-(3-methyl-
61-pyrazoline-3-carboxamide), and ethylene-bis-(3-methyl-61-
pyrazoline-3-carboxamide) respectively. A brief investigation 
was made of a dipyrazoline prepared by the reaction of diazo-
methane with 2-methacrylamidoethyl methacrylate. This compound 
was unique in that each pyrazoline ring was actjvated by a 
different electron-withdrawing group; that is, the ester and 
the carbamyl group. 
A group of miscellaneous monopyrazolines synthesized for 
the first time included: isopropyl 3-methyl-i/-pyrazoline-3-
carboxyla te, 3 ,4-dimethyl-61 -pyr azoline-3-carboxamide, methyl 
3-carbomethoxymethyl-L\1-pyr azoline-3-carbCJX:'la te, eli ethyl 4-
, 
et'rloxy-~J..-pyrazoline-3 ,3-dicarboxyJ.a te ~ and diet!~yl 4-ethc·x:-v-
6 2-pyr azoUne-5, 5-dj_carboxyla te. 
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The presence of two alk;{l groups on the ~-carbon atom of 
an a,~-unsaturated ester was found to completely inhibit the 
addition of diazomethane. Esters with a phenyl group on the 
~-carbon added the reagent very slowly as did tir;lic acid 
amide, a ~-methyl-a,p-unsaturated amide. These observ::Jtions, 
as well as the observed ease of addition to the other a,p-'.m-
saturated esters and amides tested, can be explained by an 
extension of the ionic mechanism for the addition of diazometh-
ane to a, p-unsa turated esters proposed by Young, Andr e-v1s, 
Lindenbaum, and Cristol. 
A few of the p~Trazolines prepared \.,re::-e is,::-·lal~ed :_!;. t.:.-:e 
D2 confi,:lJ.:"ation. It v.ras f0u.nd ttat tl~ese c:_.;_-;~pc,-s~::x~.::: c:-:uld be 
easily distine;uished from their L11 counterparts b0' an examina-
tion of their infra-red spectra for the X-E absorption found 
near the 3 micron regiof'.. 
By far the most important reaction of pyrazclines is the 
ease with which nitrogen is lost upon thermal treatment. By 
this process, high yields of cyclic and/or unsatlJ.I'ated deriva-
tives are obtained. Several of the new pyrazolines were de-
composed thermally at temperatures rane;ing fro!!l 80° to 160°. 
With the compounds methyl 3-methyl-61 -p:yrazoline-3-carboxy-
late, vinyl 3-methyl-61-p:yrazoline-3-carboxylate, and allyl 
3-methyl-61-p:yrazoline-3-carboxylate, the percentae;e of cyclic 
isomer vias determined by the use of a ne1t1 technique which de-
pended upon the quantitative reactio:l of diazol'!ethane •vi th the 
4 
unsaturated component of the mixture to forrn a p;;Tazoline. 
Separation of the unreactive cyclic isomer from the pyrazoline 
v1as then achieved by fractional distillation. The results 
·abtained for decoDposed methyl 3-methyl-61 -p;,Ta:wl:i_ne-3-car-
boxylate using this technique compared favor a ely with those 
which have been reported in the literature. 
All of the pyrazolines which were decomposed in this study 
gave a preponderance of the cyclic product with the exception 
of diethyl 4-ethoxy-61-pyrazoline-3,3-dicarboxylate which gave 
only the unsaturated ester, diethyl ethoxyethylidenemalonate. 
The only products obtained on thermal decomposition of 3-methyl-
61-pyr azol]ne-3-carboxamide and 3-cyano-3-methyl-L11 -pyrazoline 
were the cyclic compound'>, 1-methylcyclopropane-l-carboxamide 
and 1-methylcyclopropane-1-nitrile. 
Several compound'> not previously reported in the litera-
ture were prepared as required intermediates or were isolated 
during the thermal decompo'>i tion of the pyrazolines. Included 
are vinyl 1-methylcyclopl' a pane-l-carboxylate, allyl 1-methyl-
cyclopr opane-1-car boxyla te, a-allylcinnamic acid, methyl a-all-
ylcinnamate, dimethyl tetramethylfulgenate, ethylenebismeth-
acrylamide, 2-methacrylamidoethyl methacrylate, and ethylene-
bis-(l-methylcyclopropane-1-carboxylate). 
An interesting case of transesterification with diazometh-
ane as a catalyst was observed when a mixture of vinyl benzoate, 
ether, methanol, and diazomet'J.ane was allowed to stand. 
Diazomethane was consumed, presumably by reaction with the 
acetaldehyde formed, and the product isolated was shown to 
be methyl benzoate. 
One of the pyrazolines prepared, diethyl 4-ethoxy-62-
pyrazoline-5,5-dicarboxylate, on long standing lost the ele-
ments of diethyl carbonate with the formation of ethyl pyra-
zole-3-carboxylate. 
5 
Since the substituted pyrazolines and dipyrazolines pre-
pared in this study release large volumes of nitrogen when 
heated, they have potential use in industry as foaming agents. 
The pyrazolines with unsaturation in substituent groups were 
synthesized with the expectation that they would undergo vinyl 
polymerization to produce polymers having chemically bound 
nitrogen which could be released by thermal treatment. 
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